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A  Review  of  Air  Force  Sponsored  Research  from  1954  to  1961 

ABSTRACT 

The  adminietrative  provisions  for  this  research  are  briefly 
reviewed. 

In  Part  I,  reports  of  research  are  categorized  and  discussed 
under  these  topics: 

Communication  in  £:igli8h  with  non-native  English  speakers 

Comparative  effectiveness  of  ICAO  and  US -UK  phraseologies 

Operational  communications 

Voice  transmission  of  num'erals 

Basic  and  theoretical  findings 

Miscellaneous  secondary  developments 

A  bibliography  of  74  references  comprises  Part  II. 

An  annotated  bibliography  of  all  reports,  arranged  by  contracts, 
appears  as  Appendix  I. 

Reviewed  and  approved  for  publication. 
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INTRODUCTION 


Background.  Research  on  the  language  of  voice  procedures  in 
Air  Force  operations  was  initiated  in  May  1952  by  a  contract 
(AF  18(600) >316)  between  the  Operational  Applications  Laboratory, 
ARDC,  and  The  Ohio  State  University  Research  Foundation.  The 
statement  of  work  directed  attention  to  problems  of  intelligibility 
in  air-to-air,  air-to-ground  and  point-to-point  voice  communica¬ 
tion.  ■  This  contract  terminated  at  the  end  of  November  1955; 
expenditures  totaled  $148,000. 

A  technical  requirement  promulgated  by  Hq,  ARDC  (TR  136-55 
dated  15  November  1954)  responding  to  a  Hq.  USAF  operational 
support  requirement  for  language  phraseologies  and  voice 
procedures  to  be  used  by  NATO,  SCATO  and  USAF  operators, 
gave  rise  to  Task  76813  of  Project  7681,  Auditory  Presentation 
of  Information.  A  new  contract  was  /legotiated  between  Operational 
Applications  Laboratory  and  The  Ohio  State  University  Research 
Foundation  specifying  research  and  development  of  an  English- 
based  internaJ-lonal  language  for  aviation.  This  contract 
(AF  19(604)- I577)became  effective  on  1  December  1955  and  was 
completed  31  May  1958,  at  a  total  cost  of  $l2S,t;l.’0.  During  the 
life  of  this  contract,  considerable  emphasis  was  laid  on  satisfying 
the  communication  requirements  of  the  international  civil  aviation 
community  as  well  ar*  of  the  military.  The  contractor  was 
required  to  co-ordinate  with,  and  present  research  findings,  to 
ICAO,  Montreal,  and  CAA  (now  FAA) ,  IVashington,  to  obtain 
reaction  and  acceptance  for  use  by  civil  as  well  as  military 
airways  users. 

Under  Hq  USAF  Operational  Support  Requiremefjt  179  of  17 
August  1956,  Hq  ARDC  Operational  Requireni^.tt  220  of  1 1 
September  1956,  and  Hq  USAF  Operational  Support  Directive  92 
of  7  November  1957,  a  new  ARDC  project  was  established 
specifically  to  enable  research  upon  "a  simplified 
aeronautical  language  for  air-air  and  air-ground  radio-telephone 
voice  communication,  '  It  was  specified  that  this  language  would 
be  essentially  English;  must  be  compatible  with  the  language 
habits  of  NATO  and  SEATO  forces;  and  should  utilize  present 
Air  Force  phraseologies  and  procedures  wherever  possible. 

Three  specific  tasks  were  formulated  under  Project  7686; 

Task  76861:  Air  Defense  and  Tactical  Control  Communica¬ 
tions -development  and  evaluation  of 
phraseologies  and  procedures  specific  to 
control  of  air  defense  and  tactical  combat 
operations  in  joint  and  combined  US-NATO-SEATO 
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mis  lions. 


76862:  Air  Tnffic  Control  and  Air  Navigation  Communica* 
tioni  -  development  and  evaluation  of  language  and 
procedures  employed  in  enroute  control  and 
transmission  of  navigational  information, 
supporting  Joint  and  combined  operations. 

76863:  Terminal  Air  Traffic  Control  and  Meterological 
Data  Communications  -  development  and 
evaluation  of  vocabulary,  phraseologies  and 
procedures  required  in  approach,  landing,  take-off, 
and  departure  control  (including  visual  and 
instrument  flight  conditions),  and  in  transmission 
of  weather  information,  for  use  in  multi-language 
military  air  operations. 

To  the  documentation  was  added  the  injunction  that  current  US 
practices  be  preserved  wherever  feasible,  that  research  plans  be 
governed  by  current  and  proposed  ICAO  standards  as  far  as  possible, 
and  that  full  consideration  be  given  to  applyinc'  e'cperimental  findings 
to  the  development  of  training  aids,  and  matiua' 

Research  under  Project  7686  was  carried  almost  entirely  by 
contract  between  Operational  Applications  Laboratory  and  The  Ohio 
State  University  Research  Foundation':.  Paycliolinguistics 
Laboratory:  for  the  period  8  September  1958  to  31  March  1960, 
AF19(604)-457S  at  a  cost  of  $100,000;  from  1  April  I960  to 
15  May  1961,  AF  19(604) -6179  at  a  cost  of  $61,000. 

Hq  ARDC  was  notified  by  Hq  USAF  on  9  A.>veinber  1961  of  the 
formal  cancellation  of  Operational  Support  Directive  179  due  to 
termination  of  the  NATO  requirement  for  an  ’nternatlonal  voice 
radio  language  for  air  operations.  With  completion  of 
AF19(604)-6I79  all  research  has  ceased,  and  Project  7686  has 
been  closed.  During  the  nine  years  of  contract  effort, 
approximately  $434,000  of  Air  Force  funds  was  spent. 

General  Orientation  of  Research.  Preliminary  investigation 
established  that  there  was  not  available  sufficient  basic  knowledge 
about  the  effect  on  air  traffic  control  communication  of  differences 
in  the  language  backgrounds  of  operating  personnel.  Designing 
and  evaluating  the  required  phraseologies  could  not  be  undertaken 
until  some  experimentally  based  approach  could  be  formulated, 
taking  into  account  the  language  rharacteristtes  of  the  various 
nations  involved.  Therefore  most  of  the  research  effort  has  been 
concerned  with  working  out  fundamental  principles  applicable  to 


3 


operational  communicationa  in  multi-language  environments. 


Plan  of  thia  Review.  Part  1  presents  and  interprets  findings 
derived  from  research  supported  by  the  aforementioned  contracts, 
and  includes  pertinent  results  from  other  Air  Force  sponsored 
sources.  Part  II  consists  of  bibllogrephy  of  all  research 
reports  cited  in  Part  I,  listed  in  order  of  reference. 

Part  I  is  divided  into  these  topics: 

1.  Communication  in  English  with  non-native  English 
speakers 

2.  Comparative  effectiveness  of  ICAO/US-UK 
phraseologies 

3.  Operational  communication 

4.  Voice  transmission  of  numerals 

5.  Basic  and  theoretical  principles 

6.  Miscellaneous  secondary  developments  (experimental) 
techniques,  equipment,  word  lists) 


PART  I:  RESEARCH  RESULTS  AND  THEIR  INTERPRETATION 


1.  CgmmmiicatiQn  in  English  with  non-native  talkers  and/or 
Ilstenera.  Foreign  personnel  attending  US  Air  Force  schools  for 
technical  and  flight  training  must  be  adequately  familiar  with 
English  before  training  can  be  initiated.  Two  tests  of  ability  to 
comprehend  spoken  English  were  given  for  comparison  to  44 
trainees  at  Lackl^d  AFB;  this  group  represented  25  non- US 
nationalities  (1).  The  tests  were  Form  C,  Lado  Test  of  Aural 
Comprehension,  and  Oral  Section  of  Form  B,  MDAP  English 
Proficiency  Examination.  While  the  two  sets  of  scores  showed 
highly  significant  intercorrelation  (r  =  .  548),  trainees  scored 
significantly  higher  (t  =  6.02)  on  the  Lado  than  on  the  MDAP. 

It  was  concluded  that  the  Lado  is  more  suitable  where 
administrative  simplicity  and  brevity  are  paramount  in  assessing 
foreign  nationals'  general  English  language  proficiency  but  that 
the  MDAP  is  preferable  where  specific  competence  in  aviation 
terminology  is  more  important. 

Effective  communication  in  English  among  foreign  nationals 
is  often  hampered  by  deviations  from  customary  pronunciation 
patterns..  To  standardize  on  the  use  of  General  American  by  all 
nationalities  in  a  multi-lingual  group  of  talkers  (Oriental,  Central 
American,  European),  a  before-and-after  comparison  (2)  was 
r*an  to  determine  the  value  of  specific  coaching  on  current 
pronunciation  of  aviation  terms.  Foreign  talkers'  performance 
was  evaluated  by  native  US  listeners,  as  to  both  correctness  and 
intelligibility.  It  was  shown  that  simple  drilling  by  a  competent 
instructor  made  a  significant  improvement  in  talkers' 
"correctness"  of  pronunciation,  as  judg<*d  by  experienced  speech 
specialists,  and  in  intelligibility  of  American 'English  terms,  as 
measured  by  group  listening  tests. 

In  teaching  spoken  English  to  foreign  nationals,  particularly 
when  a  specific  technical  vocabulary  is  to  be  used  (as  in  air 
traffic  control),  it  is  desirable  to  represent  the  sounds  of 
English  in  written  form  by  means  of  phonetic  spelling.  Training 
in  correct  US-English  pronunciation  can  be  expedited  if  words 
are  presented  in  the  spelling  systems  (orthographies)  of 
students'  own  native  languages.  Five  hundred  common  aviation 
communication  words  and  twenty-five  phrases  routinely  used 
in  air  traffic  control  were  compiles  in  their  spoken  English 
equivalent  spellings,  in  Chinese,  Dutch,  French,  German, 

Italian,  Japanese,  Korean,  Spanish  and  Thai.  A  Greek 
orthography  has  been  recently  added  (3).  In  an  experimental 

*  Numbers  in  parentheses  identify  reports  listed  in  Part  II, 
Bibliography. 
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evaluation,  this  training  aid  was  found  to  yield  significant 
improvement  in  pronunciation  by  each  of  the  language  groups,  as 
compared  with  reading  orally  from  a  list  of  the  same  terms 
printed  only  in  English. 

It  has  been  noted  that  foreigners'  greatest  difficulty  in 
understanding  spoken  English  appears  to  be  related  to  discrimi-; 
ination  of  differences  between  vowel  sounds,  as  pronounced  by 
native  speakers  of  US  English.  An  experimental  test  of  ability  to 
detect  differences  between  vowels,  as  spoken  by  GeoveriiL  American 
talkers,  was  devised  and  evaluated  (4).  It  is  proposed  for 
diagnosing  needs  for  specific  phonetic  instruction  and  measuring 
progress  in  language  training. 

While  modification  of  foreign  talkers'  speaking  habits  to 
conform  with  standards  of  English  pronunciation  is  imprrtant  to 
successful  communication,  it  has  been  observed  that  native 
English  listeners  adapt  to  patterns  of  accent  distortions.  To  a 
considerable  extent  this  adaptation  appears  to  depend  on 
recognition  of  vowel  sounds  as  spoken  by  non-natives.  The 
effect  of  one  non- US  accent  on  the  intelligibility  of  English  one- 
syllable  words  was  examined  experimentally  (5),  to  determine 
predictability  of  error  in  communication,  and  also  to  identify 
the  vowel  sounds  requiring  particular  emphasis  during  training. 
Besides  achieving  these  goals,  the  study  also  revealed  that 
vowel  combinations  (diphthongs)  are  more  subject  to  degradation 
than  are  the  individual  vowels. 

In  air  traffic  control  communication  approximately  twenty 
percent  of  all  voice  transmissions  is  numerals  123);  It  is 
critically  important  to  air  safety  that  these  be  maximally 
intelligible.  A  recent  study  (38),  discussed  later,  established 
a  hierarchy  of  intelligibility  confusions  among  numerals:  two 
and  three  emerged  as  most  often  confused  of  all  ten  digits.  A 
later  series  of  experiments  (6)  shows  that  this  particular 
confusion  is  largely  independent  of  foreign  accent  distortion 
effects. 

2.  Comparative  effectiveness  of  ICAO /US -UK  phraseologies. 
The  ICAO  '.word  spelling  alphabet  was  adopted  for  the  stated 
purpose  of  meeting  the  linguistic  needs  of  non-English  speaking 
member  states,  and  was  intended  to  improve  upon  the  US-UK 
alphabet  widely  used  during  World  War  II  and  following. 
Considerable  research  was  conducted  to  test,  confirm  and 
modify  various  of  the  letter-words  proposed  for  adoption  into 
the  final  form  of  ICAO  alphabet,  which  was  also  expected  to  be 
utilized  by  NATO,  and  eventually  SEATO  forces.  Thus  n  word- 
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spelling  alphabet  was  to  become  the  first  truly  international 
language  for  air  operations.  During  the  early  stages  of  formulating 
the  ICAO  alphabet,  several  alternatives  were  proposed  for  certain 
letter-words,  for  example:  for  N  -  November,  Nugget,  Notam, 
Nectar,  Nylon;  for  C  -  Charlie,  Cocoa;  for  V  -  Vampire,  Victor; 
and  so  on.  Questions  arose  as  to  the  intelligibility  of  the  entire. 
ICAO  alphabet  and  the  several  variants  proposed  for  some  of  the 
letter-words,  as  to  user  acceptance  or  preference  for  ICAO 
versus  US -UK  alphabets,  and  as  to  the  feasibility  of  using  both 
alphabets  concurrently.  A  series  of  experiments  (7  through  14) 
tested  the  effects  of  various  national  accents  on  intelligibility  of 
US-UK  and  ICAO  alphabets,  including  pronunciational  variants 
for  numerals  as  well  as  letters.  It  was  concluded  that  the  ICAO 
alphabet  produced  more  intelligible  communication  in  a  multi¬ 
language  environment,  that  CharUe  should  replace  Coca  for  C, 
X-ray  should  replace  Extra  for  X,  Mike  should  replace  Metro  and 
Maximum  for  M,  Uniform  should  replace  Union  for  U,  November 
should  replace  Nugget  wd  Nector  for  N,  and  Victor  should 
replace  Vampire  for  V.  Also,  for  numeral  3  the  more  intelligible 
pronunciation  was  found  to  be  "three"  instead  of  "tree",  "five" 
for  5  instead  of  "fife"  and  no  gain  was  made  by  pronouncing 
numeral  9  as  "niner.  "  On  the  matter  of  preference  for  pne 
alphabet  system  over  the  other,  two  experiments  (8  and  14) 
showed  that  after  brief  training  on  the  ICAO  alphabet,  airmen  and 
students  previously  accustomed  to  the  US-UK  alphabet  adapted 
satisfactorily  both  in  attitude  and  facility  for  using  the  ICAO 
format.  The  problem  of  concurrently  using  both  US-UK  and  ICAO 
alphabets  for  air-ground  and  air-air  communication  was  attacked 
in  one  study  (15),  which  clearly  demonstrated  that  greater 
efficiency  results  from  employing  one  system  only.  This  study 
also  showed  that  foreign  background  talkers'  intelligibility 
fmprorved  significantly  when  they  shifted  from  UG-UK  to  ICAO 
alphabets . 

It  was  anticipated  that  the  language  habits  of  different  nations 
would  impose  a  variety  of  pronunciation  upon  the  ICAO  alphabet 
words,  likely  to  affect  the  reliability  of  communication.  An 
articulation  experiment  (16)  employing  talkers  of  Latin,  Slavic, 
and  Germanic  language  backgrounds,  reading  ICAO  word-groups 
to  listeners  of  US,  Oriental,  Arabic,  Latin,  Slavic  and  Germanic 
backgrounds.  Test  transmission  included  alternative 
pronunciations  for  several  words,  and  also  the  Fox/Foxtrot 
alternative  words  for  letter  F.  Results  indicated  that  pronun¬ 
ciations  normal  to  the  habits  of  user  (ICAO)  nations  did  not  impair 
communications  significantly.  That  is,  the  recognizable  features 
of  "foreign"  accent  did  not  distort  intelligibility  appreciably. 
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3.  OparationaA  Commun^otjons.  It  has  long  been  customary 
to  ti’ansmlt  voice>radio  information  on  flight  operations  by  means 
of  "standardiaed'*  naessages;  thus  given  operational  events  are 
coupled  to  given  communication  events,  enhancing  predictability 
for  the  listener  and  therefore  protecting  reliability.  The  practice 
has  been  to  select  the  appropriate  terms  from  a  limited,  widely 
agreed  upon  vocabulary,  and  arrange  them  in  &  prescribed  order. 
With  establishment  of  ICAO  and  NATO,  the  form  for  these  messages 
came  under  dispute:  whether  the  widely  used  "telegraphese"  style 
should  give  way  to  a  full  sentence  structure  approximating 
conversational  usage.  A  detailed  experiment  (1?)  undertook  to 
test  whether  the  reliability  o£  communication  over  a  moderately 
noisy  circuit  would  be  materially  improved  by  the  full  sentence 
form.  Talkers  of  five  naticnalitiea  transmitted  messages  in  both 
telegraphese  and  full  sentence  styles  concerning  seven  different 
types  of  flight  operations  to  native  US  listeners,  who  attempted  to 
reproduce  in  detail  the  contents  of  each  message.  Reanlts  showed 
no  significant  difference  in  favor  of  either  !>tyle,  liiis  finding, 
with  previous  observations  that  telegraphese  saves  an  average  of 
14%  transmitting  time  over  full  sentence  1 17,  ref.  1),  reaffirmed 
the  recommendation  to  continue  the  use  of  telegraphese.  A  later 
study  (13)  confirmed  and  extended  these  findingc  to  include  non- 
US  listeners,  and  also  reported  that  an  Air  Force  sponsored 
seminar  on  sir  control  communication  strongly  preferred  the 
current  (telegraphese)  form  because  of  its  brevity  and  clarity. 

A  third  paper  ( 19)  proposes  some  bases  for  organizing  and 
evaluating  phraseologies;  the  aim  has  been  to  discover  the 
fundamental  principles  used  in  radiotelephone  airways 
communication,  and  by  relating  them  to  the  phonemic 
characteristics  of  typical  non-English  languages,  evolve  rules 
for  an  International  Language  for  Aviation.  CensieJeration  is 
given  to  training  as  well  as  operational  problervis. 

Considerable  attention  has  been  given  to  exajiiir.ing  the 
operational  aspects  of  air  traffic  control  communication  in  a 
multi-language  setting.  Current  and  proposed  procedures  were 
Investigated,  both  empirically  In  the  field  and  experimentally  in 
the  laboratory,  to  determine  their  adequacy  to  operating  re¬ 
quirements.  A  recent  analysis  of  more  than  8,000  separate  air- 
ground  transmissions,  assembled  from  traffic  control  facilities 
at  four  international  airports  (Idlewild,  Miami,  Mexico  City  and 
Accra)  (20),  infers  several  functional  categories  and  purposes  for 
routine  communication,  and  compares  the  performance  of  native 
and  non-native  English  speaking  talkers  -*t  hcTh  ends  of  the  air- 
ground  link.  Another  study  of  the  some  communication  samples 
(21)  examined  the  rates  at  which  ground  controllers  and  pilots 
speak  under  typical  operating  conditlon.s,  and  noted  that  native 
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English  speakers  chavacteristically  vise  significantly  slower  rates 
when  communicating  with  non -native  speakers,  controllers  or  pilots. 
It  is  also  noted  that  both  parties  apparently  automatically  adjust 
their  talking  rates  to  meet  the  perceived  needs  of  listeners.  A 
laboratory  experiment  (22)  studied  the  impact  on  intelligibility  of 
five  different  message  formats  (ail  derived  from  current  or  propo.sed 
procedures)  when  speaking  rate  was  varied  from  normal  to  fast  to 
artificially  slow-paced:  normal  rate  and  manner  of  phrasing  were 
concluded  to  be  most  effective  for  all  five  message  formats. 

Extensive  experience  in  air  traffic  control  has  shown  certain 
elements  of  voice  communication  to  be  critically  related  with 
operational  safety  -  for  example,  altitude,  distance,  position  and 
nevigrxeion  reports  or  instructions,  including  estimated  and  achieved 
time^  of  arrival  and  departure.  All  of  these  include  numbers,  and 
wei'h  heavily  in  controllers'  decisions  regarding  vertical  and 
horizontal  separation  of  aircraft.  The  actual  proportions  of 
vocabulary  elements  appearing  In  typical  afr-ground  messages  have 
■?>ren  reported  in  a  word  count  study  which  sampled  recorded  traffic 
.nessagen  at  three  high  density  domestic  and  two  international 
tacillties  in  continental  US  (23).  Out  of  approAimately  250  terms 
used,  the  cardinal  numbers  occur  almost  19’>i  of  the  time,  with  the 
heaviest  leading  In  radar  approach  control  communication, 
approximately  23%.  Thus  it  m.ay  be  recommended  that  maximum 
effort  to  protect  intelligibility  end  distinguishability  of  traffic 
control  communication  be  speciaiiieti  on  spoken  numerals. 

The  value  of  formal  procedures  for  selecting  and  arraijglng  word 
elements  in  voice  messages  has  been  tested  experimentally  in 
(cveral  ways.  Within  the  context  of  air  defense  communication, 
the  effect  of  foreign  accented  English  on  t-  proposed  list  of 
procedure  terms  was  measured  with  refev enep  to  various  types  of 
noise  backgrounds  (24);  it  was  found  that  "vv.iicc'’  or  thermal  noise 
impinges  most  seriously  on  the  intelligibility  of  foreign-accented 
English,  received  by  native  US  listftner 3.  Another  experiment 
(25)  showed  that  inclusion  of  "polite"  terms,  such  as  prefatory 
"please,  "  added  nothing  to  message  inteUigibility,  and  also  that 
a  number  of  "standard"  expressions  (immediately,  above,  below, 
hear,  etc.)  were  inferior  to  proposed  alternates  (at  once,  over, 
under,  read,  etc.)  when  transmitted  In  moderately  noisy  systems. 
Various  sequences  of  terms  widely  used  in  air  defense 
surveillance  messages  were  tried  experimentally  (26);  byth  a 
"standard"  order  and  severnl  others,  approaching  randomness, 
were  com.pared.  Results  indicated  that  communicators  develop 
habits  of  flexibility  in  adapting  to  varying  arrangements  of 
familiar  terms,  thus  tending  to  preserve  reliability  of  communi¬ 
cation  despite  uncontrolled  deviations  from  standard  practice. 
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At  •  time  when  the  international  "Q-code"  was  being  considered  for 
inclusion  in  aviation  voice  procedure,  there  was  dispute  as  to 
whether  the  original  telegraphic  form  (QXX)  should  be  maintained, 
or  whether  it  should  be  augmented  with  an  additional  letter  Q 
(QXXQ).  A  series  of  exfieriments  {Z7)  involving  transmissioti  by 
talkers  of  six  nationsdities  to  US  listeners  showed  no  significant 
gain  by  including  the  extra  Q,  even  under  severe  noise 
conditions,  using  both  the  US-UK  and  the  ICAO  word  spelling 
alphabets.  It  was  also  found  that,  in  the  three  letter  groups,  the 
iii^elligibillty  of  second  and  third  letter  elements  deteriorates  as 
compared  with  the  first  element.  Three  methods  of  givinv 
weather  and  aircraft  position  reports  were  compared  under 
moderate  circuit  noise  conditions;  1)  use  of  tsg  words  before 
each  group  to  identify  the  type'  of  data  to  follow;  2)  use  of  no 
tag  words,  groups  separated  only  by  distinct  pauses;  and  3) 
use  of  no  tag  words  with  data  groups  read  as  fast  as  possible 
(28),  As  measured  by  listeners''  write  down  response*,  the 
second  procedure  was  found  to  be  significantly  mo.  e  accurate; 
it  was  fo'ino  desirable  to  include  some  fast  telling  experience 
during  training,  to  extend  listeners'  capabilities. 

Early  in  the  effort  to  adapt  English  phi  aaeulogies  and 
procedures  to  the  requirements  of  foreign  background  speakers, 
a  question  was  raised  regarding  voice  emergency  signals;  the 
traditional  SOS  and  MAYDAY  were  compared  experimentally  as 
to  intelligibility  transmitted  by  foreign  speakers  (29),  MAYDAY 
was  found  to  be  significantly  easier  to  understand  through  heavy 
noise. 

The  possible  substitution  of  non-verbal  communication 
methods  was  assessed  for  routine  flight  line  communications, 
recognizing  that  much  information  can  be  tr:in?)''.it'ed  by  the 
linger  spelling  methods  utilized  by  deaf  mute*.  The  method  was 
considered  of  possible  value  where  high  noise  levels  prevail  and 
where  sender  and  receiver  can  maintain  viaual  contact.  To  this 
end,  a  comprehensive  catalog  (30)  of  flight  line  hand  signals  was 
compiled,  along  with  some  proposed  modifications.  Including 
some  deaf  mute  alphabet  additions.  This  report  also  contains 
suggestions  for  a  quick  reference  manual  and  several  training 
aids.  An  experimental  analysis  of  intelligibility/confusability 
versus  sender-receiver  separation  was  subsequently  made 
(62)  for  the  deaf  mute  finger  spelling  alphabet. 

The  evolution  of  the  present  ICAO  word  spelling  alphabet 
has  been  described  in  detail,  with  reference  to  experimental 
methods  and  findings  which  led  to  recommendations  of  various 
items  and  pronunciations  (31).  The  report  also  co.italns 
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discussions  of  limitations  and  communication  efficiency  of  the 
alphabet,  and  lists  200  word  spelling  alphabets  compiled  from 
international  sources. 

4.  Voice  transmission  of  numerals.  In  recognition  of  the 
importance  of  correct  transmission  of  numbers  by  voice  for 
both  civil  and  military  air  operations,  a  series  of  studies  was 
undertaken  to  establish  the  most  effective  techniques  for  speaking 
them,  under  conditions  of  circuit  noise  and  foreign  accent.  Two 
closely  related  experiments  (32,  32a)  showed  the  single  numeral 
method  (99  =  NINE-NINE:  l234=ONE-TWO-THREE-FOUR) 
superior  to  all  others,  regardless  of  talker-listener  language 
background. 

It  has  been  suggested  that  number  intelligibility  might  be 
improved  by  using  some  standardised  technique  of  repeating 
transmissions,  perhaps  sacrificing  time  for  intslligibili^. 
Several  recommended  procedures  were  scrutinized 
experimentally  (32)  using  three  numeral  groups  as  subject 
material.  The  final  conclusion  was  that  none  of  the  three 
repetition  methods  under  consideration  offered  any  significant 
improvement  over  saying  number  groups  oner  in  single  digit 
form,  regardless  of  nationality  of  talker  and  listener.  Repeat 
formats  used  were:  324-THREE-TWO-FOUR,  THREE- 
TWENTY-FOUR,  THREE  HUNDRED  TWENTY-FOUR. 

Four  additional  methods  were  tested  subsequently  (33); 
468=FOUR-SIX-EIGHT.  I  SAY  AGAIN,  FOUR  HUNDRED  SIXTY- 
EIGHT;  FOUR  HUNDRED  SIXTY-EIGHT,  I  SAY  .\GAIN,  FOUR- 
SIX- EIGHT;  FOUR  HUNDRED  SIXTY- EIGHT,  I  SAY  AGAIN, 

FOUR  HUNDRED  SIXTY-EIGHT;  and  FOUR-SIX-  EIGHT,  I 
COUNT  FOUR,  TWO-THREE-FOUR,  SIX,  FOUR -FIVE-SIX, 
EIGHT,  SIX-SEVEN -EIGHT.  (The  last  has  been  called 
circle  counting.)  Regardless  of  background  r.rise  and  foreign- 
accent  distortions ,  the  last  method  proved  superior^  to  the 
other  three. 

Pronunciation  of  numeral  words  has  also  received  some 
attention  (34).  One-,  two-,  three-,  and  four-digit  groups  were 
spoken  by  US  and  foreign  talkers,  to  panels  of  US  listeners. 

With  US  talkers  and  listeners,  the  most  Intelligible 
pronunciations  were:  0-ze-ro,  l  =  uh-wun,  3  =  th-r-ee, 

6~slks.  sikser.  suhsiks;  7  =  sev-ven.  With  foreign  talkers 
and  US  listeners,  the  most  intelligible  were:  O^ze-ro  or 
zero,  2  =  too  or  tuh-too,  4-for,  5  =  fi-iv,  or  five,  6  =  siks  or 
sikser,  8  =  alt  or  a-ait.  This  study  further  confirmed  earlier 
findings  (30  and  31)  that  single  digit  number  saying  was  superior 
to  all  other  methods. 
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In  reporting  altitudes  and  courses  or  compass  headings, 
multiple  numeral  groups  usually  occur,  often  containing 
repetitions  of  the  same  digit  in  sequence  (e.  g.  ,  15500,  ?ZS). 
Several  renditions  of  this  type  of  information  were  tested  ( 35) ; 
where  the  same  digit  occurs  two  or  three  times  in  succession 
(511,  5111),  it  made  no  difference  whether  tallcers  said  FIVE- 
ONE-ONE  and  FIVE-ONE-ONE-ONE  or  FIVE-DOUBLE-ONE 
and  FIVE-TRIPLE-ONE.  Where  even  hundreds  and  thousands 
occurred  (500,  15000),  the  most  easily  understood  format  was 
FIVE-ZERO-ZERO  or  ONE-FIVE-ZERO-ZERO- ZERO.  A 
further  examirration  of  these  findings  in  another  experiment  (36) 
showed  that  this  same  format  was  as  good  as  or  slightly  better 
than  saying  FIVE-DOUBLE-ZERO  or  ONE_FIVE-TRIPLE-ZERO. 

The  context  surrounding  a  particular  message  item  often 
affects  intelligibility;  thus  the  question  was  asked,  when  letters 
and  numbers  are  grouped  together  in  voice  transmissions,  what 
is  the  effect  on  readability  of  numbers?  To  determine  the  inter¬ 
active  effects  of  ICAO  klphabet  words  on  the  intelligibility  of 
numerals,  a  brief  experiment  was  performed  (36)  which  grouped 
all  26  letters  in  various  combinations  with  the  10  numerals 
plus  three  numeral  variants  (TREE,  FIFE  .anti  NUCER  in 
addition  to  THREE.  FIVE  and  NINE).  No  significant  effects  were 
discovered  between  letter  words  and  spoken  numerals;  however 
it  was  shown  that  ZERO  is  more  intelligible  for  number  0  than 
OH;  that  THREE  and  FIVE  are  every  bit  as  intelligible  as  TREE 
and  FIFE;  and  that  there  is  no  choice  between  NINE  and  NINER. 

Extensive  interview  and  anecdotal  evidence  from  pilots 
and  controllers,  supplemented  by  experimenters'  Personal 
observations  of  flight  operations  at  domesticand  iDternational 
air  traffic  control  facilities,  as  well  as  some  incir'.mtal  research 
discoveries  (37)  suggested  that  there  might  be  r>o:ne  inherent 
characteristics  peculiar  to  English  numeral  word.«  which  cause 
certain  ones  to  be  predictably  confused  with  certain  others. 

This  notion  was  exhaustively  studied  in  two  separate 
investigations  (36  and  6)  which  brought  to  light  serious  and 
systematic  confusions  between  various  pairj  of  single  digit 
words  (TWO-THREE  and  THREE-TWO  being  the  most  common), 
and  showed  that  the  vowel  structure  (OO-EE,  EE-OO)  was 
responsible.  These  findings  will  be  discussed  more  fully  in 
the  following  section. 

5.  Basic  and  Theoretical  Findings.  Intrinsic  intelligibility 
and  confusability  of  the  ten  English  numerals,  plus  six  variant 
pronunciations  (3  =  TREE,  FREE;  4=FOW.ER:  5  =  FIFE: 

9=NINER;  0  =  ZERO),  were  extensively  tested  against  varying 
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nols*  and  foraign  accent  conditiona  (38).  A  itable  order  of 
intalllgiblUty  was  found,  independent  of  either  noise  or 
accent  effects;  ranging  from  highest  to  lowest  It  runs  FIVE,  OH, 
SEVEN.  ONE.  SIX.  FOUR.  NINE.  THREE,  EIGHT,  TWO.  The 
principal  confusions  were:  ZERO-4,  OH-8, ONE-9,  TWO-3, 
THREE-8,  TREE-2,  PREE-2,  FOUR-0,  FOW-ER-0,  FIVE-9, 
FIFE-9,  SIX-8.  SEVEN-1,  EIGHT-3,  NINE-1,  NlNER-l, 
(Capitals  indicate  the  word  which  was  spoken;  each  numeral 
represeite listeners"  sufitten  aresponses-  MThen  the  same  numerals 
were  re-tested  using  a  transmission  system  sharply  cutting  off 
all  frequencies  above  2800  cycles  per  second,  a  small  but 
statistically  significant  degradation  of  Intelligibility  was  found. 

The  above  discoveries  of  confusions  between  2  cTWO  and 
3=THREE.  FREE  of  TREE  led  to  a  study  (6)  of  the  effect  of 
consonants  on  the  intelligibility  of  phonemes  /u/(oo)  and  /i/tV); 
the  object  was  to  test  whether  something  Inherent  in  the  vowels 
themseUes  accounts  for  the  confusion  of  2  and  3,  or  whether 
the  beginning  and  ending  consonants  surrounding  the  vowels  are 
responsible.  Test  of  the  effects  of  five  different  foreign 
language  accents  were  Included  in  the  experimental  design,  so 
as  to  ascertain  the  extent  to  which  systematic  variations  of 
pronunciation  might  also  affect  discrimination  of  the  two  vowel 
sounds.  While  the  interactions  between  vowels,  consonants 
and  foreign  accents  complicate  the  results,  this  experiment 
seems  to  point  the  way  toward  improving  Intelligibility  of  2 
and  3  by  substituting  more  recogi.iaable  consonants  for  T  as 
in  two  and  THR  as  in  three. 

An  earlier  series  of  experiments  (39)  set  cut  to  identify 
confusions  among  phonemes,  both  vowels  n-l  consonants, 
prevalent  in  English,  both  native  US  and  foreign  accented. 

List  of  teat  words  were  compiled  from  several  word  spelling 
alphabets,  both  civil  and  military;  they  were  read  and 
listened  to  by  observers  from  27  different  countries.  Final 
results,  narrowed  down  to  a  treatment  of  vowels  only,  noted 
that  the  most  confusable  sounds  were  /!/  N)  and  /u/  (88). 

Several  phonetic  rules  were  formulated  tor  calculating 
confusabllity  of  individual  words  in  a  list,  from  error  scores 
on  write  down  tests  of  intelligibility. 

On  an  entirely  different  approach,  improvement  of 
communication  in  heavy  noise  was  sought  by  introducing  an 
Interaural  echo  effect.  This  was  accomplished  by  splitting 
an  incoming  signal  channel  into  two  subchannels,  one  for  each 
ear,  and  Inserting  into  one  subchannel  a  slxty-mllllsecond 
delay.  Several  experiments  (40)  found  definite  improvement 
in  intelligibility  of  letter  number  groups  when  the  echo  effect 
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waa  Introduced.  However,  the  advantage  did  not  hold  equally  for 
both  eara:  when  the  delayed  aubchannel  waa  presented  to  the 
right  ear,  intelligibility  vraa  aignificantly  better  than  when 
preaented  to  the  left.  The  apparent  diacrepancy  waa  not 
accounted  for  by  interaural  differencea  in  hearing  aenaitivity;  all 
liatenera  were  reported  to  have  clinically  normal  hearing  in 
both  eara. 

It  haa  been  thought  that  certain  emotional  atatea  work  to 
enhance  intelligibility  of  apoken  language.  To  attack  thia 
aaaertion  experimentally,  aeveral  experienced  actora  read 
liata  of  two  digit  numbera  to  groupa  of  liatenera,  aimulating 
the  emotional  atatea  of  aadneaa,  Joy,  and  anger,  aa  well  aa  a 
neutral  or  emotion  free  condition  (41).  It  waa  concluded  that 
emotional  coloring  adda  nothing  to  intelligibility,  nor  doea  it 
apparently  detract:  thua  a  talker  may  be  equally  intelligible  to 
liatenera  under  any  of  aeveral  typea  of  emotional  atrois. 

The  uae  of  talker-llatener  Intelligibility  testa  in 
communication  experlmanta  ia  often  compUcateu  by  learning 
effecta  which  are  unavoidable  when  dealing  with  a  elected 
aamplea  of  language  presented  repeatedly  undsr 
experlmentally  controlled  conditions.  The  need  to  define 
parameters  and  limits  of  these  learning  effects  produced  a 
series  of  experiments  (42).  which  showed  definitely  that 
amount  and  kind  of  training  are  primary  variables  in 
listener  performance  on  intelligibility  tests. 

Relationship  between  the  acoustical  characteristics  of 
speech  and  the  means  whereby  listeners  extract  meaning  from 
them  has  long  occupied  the  attention  of  linguists, 
psychologists  and  engineers.  It  has  been  sum  s*-!  that  human 
auditory  perception  is  especially  responsive  tn  ti:ne 
variations  in  frequency  and  amplitude  n{  sounds;  vvlth 
particular  regard  to  apeech  it  has  been  thought  that 
Intelligibility  may  hinge  critically  on  detecting  the  subtle 
transitions  between  individual  sounds,  aa  well  as  on 
perception  of  the  individual  sounds  (phonemes)  themaelves. 

To  examine  this  concept  in  detail  a  serlea  of  experiments  was 
run  to  see  what  Influence  different  magnitudes  of  such 
transitions  might  have  on  the  differtntlation  of  consonant- 
vowel-conaonant  monosyllables  (41).  Listeners  were  required 
to  identify  consonants,  vowels,  and  inter^phonemic  transitions 
in  varying  amounts  of  background  noise,  as  a  (unction  of  both 
the  magnitude  and  direction  of  frequency-amplitude  transition 
through  time.  It  was  found  that  listeners  do  Indeed 
recognise  different  degrees  of  inter- phoneme  transition,  but 


that  thay  rttpond  moat  accurataly  only  to  althar  vary  amall  or 
vary  larga  magnitudaa ,  balng  moat  likaly  to  confuaa  a  madlum 
magnltuda  with  aithar  of  tha  othara,  or  to  miae  it  altogathar. 

A  ralatad  atudy  waa  undartakan  to  datarmlna  tha  axtant  to 
which  cartaln  language  aounda  (in  thla  eaaa,  vowala)  might 
obacura  or  '*mask"  worda  which  ara  otharwlaa  highly 
intalllgibla  (44).  It  waa  found  that  prolongad  vowal  aounda  witit 
a  prapondaranca  of  aeund  praaaura  eoncantratad  batwaan  700 
and  1000  eyelaa  par  aacend  produced  tha  moat  dalatarioaa 
affaeta  on  intalligibility,  and  that  a  given  vowal  aound  in  a 
particular  word  waa  not  moat  aff actively  maakad  by  that  aama 
aound  praaantad  in  prolongad  form  aa  a  background  noiaa. 

Tha  ralationahip  batwaan  phonatic  atruetura  and 
intalligibility  of  worda  haa  racaivad  further  attention  in  a 
practical  communlcatlen  problem  invoWlng  avaluAiien  of 
microphone  tranadueara.  For  communicatien  in  high  noiaa, 
it  waa  propoaad  to  uaa  a  type  of  microphone  which  could  be 
inaartad  into  tha  ear  canal,  thua  reducing  tJia  pickup  of 
ambient  noiaa.  A  cempariaon  batwaan  thla  da^ca  and  a 
atandard  Up  microphone  waa  tha  aubjaet  of  an  axparlmant  (aS), 
tha  phonamie  compoaitlon  of  teat  wo^a  balng  tha  crucial 
parameter  for  maaauring  Intelligibility.  It  waa  found  that  tha 
type  of  ear  mlero^ona  propoaad  produced  aigniflcantly  poorer 
eomprahanaion  of  a  pacific  vowal  aounda  than  did  tha  Up 
microphone,  even  under  axtramaly  unfavorable  conditiona  of 
ambianf  background  noiaa. 

Since  diacovar;  bat  acouatic  faaturaa  of  different  apaach 
aounda  datarmlna  their  intalligibility  (and  alao  their 
confuaabiUty  with  each  other),  tha  quaatton  haa  bean  aakad, 
''Which  aounda  of  normally  apokan  Sngliah  ara  inharantly 
tha  meat  and  laaat  intalUglbla,  and  what  ara  tha  confueivne 
among  thoaa  aounda"?  Three  cloaaly  ralatad  axparlmanta 
(44,  47,  41)  aought  partial  anawarat  In  tha  flrat  (44), 
varioua  vowel  aounda  ware  read  to  liatenara,  under  aavaral 
lavala  of  noiaa  and  alao  in  qulati  from  their  written  raaponaaa 
differential  iatalligibillty  valuea  ware  aeeignad  and  a 
eonfualon  matrin  eonatruotad.  !n  tha  aaeond  (47),  eonaenanta 
only  ware  taatad,  in  Ilka  manner  aneapt  that  aaeh  waa 
praeadad  or  followed  by  a  alngla  vowal  aound  (abort  1).  In 
tha  third,  an  anparimaatal  teat  of  atngla  vowel  intalligibility 
waa  eonatruotad  and  eomparad  with  tha  intalligibility  of  liata 
of  phonotioally  balanead  (Harvard  PB)  word  liata.  tha  objaet 
being  to  davlaa  a  atandardiaad  inatrumant  for  maaauring  at 
laaat  throe  dimanaiona  of  voice  communication  •  talker 


inttlliglbilityi  lictancr  perception  (both  of  the«e  applicable  to 
problems  rising  from  differences  in  language  backgrounds),  and 
equipment  characteristics,  at  the  same  time  avoiding  the 
complications  associated  with  word  meanings  of  vocabulary 
differences. 

As  mentioned  before  (paragraph  3,  page  8  ),  a  listener's 
expectation  of  what  he  might  hear  often  affects  his  Judgment  of 
what  he  reports  he  dfili.  hear.  This  phenomenon,  significantly 
related  to  practical  voice  communications,  was  the  subject 
of  three  investigations  (49,  50,  51)  more  or  less  related  to  each 
other.  In  the  first,  the  effect  of  systematically  varying 
sequences  of  syllables  and  words  on  listeners'  ability  to 
construct  intelligible  messages  was  studied.  In  the  second, 
listeners  of  differing  language  backgrounds  were  tested  for 
their  ability  to  discriminate  similarities  and  dls similar ities 
between  written  and  voice  messages.  The  th^rd  experiment 
examined  the  effects  of  expectation  upon  listeners  responses 
to  various  types  of  intelligibility  test  formats.  All  three  of 
these  studies  confirmed  the  hypothesis  that  expectation, 
based  on  prior  experience,  does  Indeed  have  a  determining 
effect  on  listeners'  choices  of  responses  in  a  /oice 
communication  situation;  the  last  one  sought  test  forms  whose 
results  were  least  susceptible  to  contamination  by  "response 
set. " 


6.  Mlseellaneoua  secondary  developments. 

A.  Trainmg  aids.  One  of  the  early  tasks  performed 
by  the  Ohio  State  University  Research  Foundations' 
Psycholinguistics  Laboratory  under  this  sequence  of 
contracts  was  development  of  a  kit  of  training  materials  and 
communication  exercises  for  air  defense  farw>4r<^-  and 
cross -telling  and  scope-to-plotter  reporting  (5?). 

B.  Equipment  evaluation  and  evaluaiior.  techniques. 

In  connection  with  the  general  objective  of  this  research 
program,  improvement  of  voice  communication  in  multi¬ 
language  environment,  several  equipment  oriented 
experimente  were  undertaken.  These  were  concerned  mainly 
with  protecting  the  input  end  of  a  /olce  communication  system 
from  high  ambient  noise  levels  surrounding  the  talker.  A 
whole  series  of  studies  examined  the  uae  of  special  micro¬ 
phones  located  at  various  positions  around  the  talker's  head 
and  neck  (53,  54,  55,  56,  57,  58)  and  detailed  intelligibility 
test  comparisons  were  made  between  several  Air  Force 
standard  microphones  and  experimental  transducers  inserted 
into  the  talker's  ear  canal  (53  through  57).  Generally  speaking, 
no  significant  improvement  in  speech-to-noise  pickup  was 
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achieved  by  the  special  anatomical  microphones  in  high  level 
noise.  The  same  comment  applies  also  to  an  experimental  bone 
conduction  transducer  used  as  a  microphone,  and  located  at 
various  points  on  the  bony  structure  of  the  talker's  skull  (57). 
Further  inquiry  was  made  into  the  possibility  of  speech>sound 
pickup  by  contact  microphone  at  16  different  locations  on  head 
and  neck  (57a).  Ultimately  some  recommendations  were  worked 
out  regarding  a  special  ear-mouth  combination  microphone 
receiver.  (59)  and  tested  by  means  of  word  list' intelligibility 
procedures,  in  comparison  against  standard  Air  Force 
equipment.  In  another  series  of  experiments,  means  were 
sought  to  relieve  problems  of  weight,  discomfort,  and  hygiene 
attendant  upon  use  of  early  AIC-10  microphone  and  headset 
equipment;  comparative  articulation  testing  was  conducted  on 
this  and  some  proposed  alternative  equipments  (60)  in  flight 
on  several  typos  of  aircraft. 

C.  Specialised  instrumentation.  A  research  requirement 
for  specUliaed  apparatus  to  measure  and  control  speech-to- 
noise  conditions  for  laboratory  experiments  resulted  ih  the 
design  and  fabrication  of  an  electronic  device  (61)  which  may 
find  application  both  in  ■>ther  research  and  in  training. 

D.  Specialised  communication  nr>a(arlaU.  Pursuant 
to  requests  by  Hq  USAF.  the  contractor  developed  lists  of  one 
syllable  English  words,  including  proper  names  and  family 
names  (except  those  of  race  horses):  in  the  first  version  (58) 
words  were  listed  alphabetically  according  to  vowel,  with 
beginning  and  ending  consonants  set  apart,  and  with  pronun¬ 
ciation  variants  indicated.  This  material  was  later  refined  and 
reorganised  (59). 

E.  Special  voicing  techniques.  Several  novel  teclmiquea 
of  voicing  operational  communications  wer*  tried  experimentally, 
to  see  whether  they  might  achieve  any  pra«.i.CM.  gain  in 
intelligibility  over  customary  practices.  Noting  the  prevalence 
of  certain  tonal  patterns  In  native  American  speech,  experi¬ 
menters  manipulated  vocal  inflection  during  the  transmission 

of  two  unit  signals  (pairs  of  vowels  only;  two  digit  numbers; 
pairs  of  ICAO  alphabet- words:  paired  word*number  combi¬ 
nations)  (63).  It  was  concluded  that  flat  and  rising  inflections. 
Imposed  on  both  members  of  each  pair,  were  more  effect- fe 
than  other  combinations,  but  that  variation  in  type  of  trans¬ 
mission  (see  above  four  pairs)  offset  any  real  communication 
gains.  Another  study  (64)  compared  the  use  of  hyponasaltty, 
hypemasallty  and  normal  voice  ()ua)ity  on  the  intelltgiblltty  of 
two  digit  numbers,  and  showed  that  normal  delivery  was  best 
throughout.  Research  from  several  sources  not  included  in 
this  discussion  has  shown  that  repetition  of  message  elements 
often  enhances  intelligibility  under  noisy  communicating 


conditions;  this  observation  was  extended  experimentally  by  the 
Ohio  State  laboratory  to  sn  investigation  of  several  types  of 
controlled,  intentional  stuttering.  It  was  found  that  a  technique 
in  which  initial  sounds  of  operational  words  and  numerals  are 
repeated  once  ("single-bounce"),  for  instance,  2»tuh-two. 
cleared=kuh-cleared,  materially  improves  intelligibility  when 
background  noise  Is  deleterlously  high;  recommendations  for 
further  research  and  specific  training  of  personnel  were  made 
regarding  this  technique  (65.  66,  67,  68). 
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AND  ARRANGED  BY  ENDING  SOUNDS.  AFCCDD  TN  60-58, 
November  1960,  Contrect  AF19(604)6179. 

59.  Moser,  Henry  M. ,  Dreher,  John  J.  , 

Schwsrtskopf,  Lewis  J.  AN  EAR-MOUTH  VOICE 
TRANSDUCER.  AFCRC  TN  57-54,  July  1957, 

Contrect  AT  19^604)1577. 

60.  Moser,  Henry  M. ,  Dreher,  John  J.  OPERATIONAL 

TESTS  or  MINIATURE  MICROPFKVIES  AND 
RECEIVERS.  AFCRC  TN  56-57,  October  1956, 

Contrect  AT  191604)  1577. 

61.  Newmen,  Anthony  K.  A  LABORATORY  STANDARD 

SIGNAL-'.CO.OISE  EQUALIZER.  AFCCDD  TN  oJ-59. 
December  I960.  Contrect  AF  191604)6179. 

62.  Moser,  Henry  M. ,  Dreher,  John  J.  ,  Oyer,  Herbert  J.  , 
Wolfe,  Susan  M. ,  Abemethy,  C4wer6  R.  . 

Schowe,  Ben  M.,  Jr.  HAND  SIGNALS:  TDrCKK- 
SPELLING.  AFCRC  TR  51-56,  Aufust  1951, 

Contrect  AF 191604)  1577. 

63.  Moser,  Henry  M..  Dreher,  John  J.  ,  Adler.  Sol. 

EFFECT  OF  VOCAL  INFLECTION  ON  THE 
INTELLIGIBILITY  OF  TWO*UNIT  SIGNALS. 

AFCRC  TN  55-54,  Merch  1955. 

Contrect  AF  11(600) 316. 

64.  Moser,  Henry  M.  ,  Dreher.  John  J. .  Adler.  Sol.  A 
COMPARISON  or  MYP<»lASALlTY..7fYP>:ANAIALlTy. 

AND  NORMAL  VOICE  QUALITY  ON  THE 
INTELLIGIBILITY  OF  TWO-DIGIT  NUMBERS. 

AFCRC  TN  54 -(.0.  July  1955. 

Contrect  AF  11(600)  316. 

65.  Moser.  Henry  M..  Dreher.  John  J.  ,  Adler,  Sol 

TWO-DIGIT  NUMBER  TRANSMSSION  BY 
VOLUNTARY  STUTTERING.  AFCRC  TR  54-82. 

September  1954.  Contrect  AF  18(600)316. 


66.  Mot«r.  Htnry  M.  THE  EFFECTS  OF  CONTROLLED 

BOUNCE  BLOCK  AND  PROLONGED  BOUNCE  BLOCK 
ON  THE  INTELUCIBILITY  OF  OPERATICWAL  WORDS. 
AFCRC  SS-61.  Junt  19S5.  Contract  AF  18(600) 316. 

67.  Moatr.  Hanry  M. ,  Orahar,  John  J. ,  0140111,  JohnJ., 
Adlar,  Sol.  K  COMPARISON  OF  SINGLE  •  AND  DOUBLE- 
BOUNCE  TRANSMISSION  UPON  THE  INTELLIGIBILITY 
OP  OPERATIONAL  WORDS.  AFCRC  S5-69, 

Auguet  195S,  Contract  AF  19(604)  1577. 

68.  Moaar,  Hanry  M. ,  Orahar,  John  J. ,  CNaill,  John, 

Adlar.  Sol.  EFFECTS  OF  REPEATING  THE  INITIAL 
SOUNDS  OF  WORDS  C»4  THE  INTELUGIBILITY  OF 
AIR  MESSAGES.  AFCRC  55-69,  Juna  1956. 

Contract  AF  19(604)  1577. 


Contract  AF  18(600)  3 16 


Moser,  Henry  M.,  Dreher,  John  J.  COMPARISON  OF  US-UK 
AND  ICAO  PHONETIC  ALPHABETS.  HFORL  Memo  Rpt.  no.  3. 
December  1952. 

Reports  intelligibility  comparison  of  US-UK  and  ICAO  (old 
form)  at  S/N  =  0  and  -Sdb.  Talkers  of  American,  British. 
French.  Spanish.  German  and  Scandinavian  nations; 
listeners  were  American.  British.  German,  Spanish.  Thai, 
French,  Indian.  Scaittdlnavian,  Greek  and  Japanese.  At 
-Sdb  S/N  ICAO  alphabet  showed  slight  (non-significant) 
superiority  over  US-UK.  Analysis  of  confusion-matrix 
developed  from  data  leads  tc  recommendation  for  changing 
EXTRA  for  X  to  X-RAY.  COCA  for  C  to  CHARLIE.  METRO 
for  M  to  MAXIMUM. 

Moser,  Henry  M, ,  Dreher.  John  J.  RESEARCH  ON  THE 
I.ANGUAGE  OF  VOICE  PROCEDURES  -  AIK  DEFENSE 
TRAINING  A.1DS.  OSURF  Project  519,  Report  no.  2. 

June  1,  1953. 

Describes  kits  of  training  materials  for  Air  Defense  scope- 
to  plotter,  forward-teller  and  cross -teller  procedures; 
includes  pictorial,  written  instructions  and  tape-recording 
containing  examples  of  correct  and  incorrect  voice- 
communication  practices.  No  bibliography. 

Moser,  Henry  M. ,  Dreher,  John  J.  KESEARCH  ON  THE 
LANGUAGE  OF  VOICE  PROCEDURES  -  COMPARISON  OF 
UNITED  STATES-UNITED  KINGDOM  AND  ITiTERNATIONAL 
CIVIL  AVIATION  ORGANIZATION  PHONETIC  ALPHABETS. 
OSURF  PROJECT  519,  Report  no.  3,  Part  II,  June  18,  1953. 

US-UK  and  ICAO  alphabets  were  spoken  by  two  speakers 
eachofU.S. ,  British.  French,  Spanish,  German  and 
Scandinavian  nationalities  to  listener  panels  composed  of 
U.S. ,  British,  German,  Spanish,  Thai,  French,  Indian, 
Scandinavian,  Greek  tmd  Japanese  nationals.  Alphabets 
were  presented  in  randomly  arranged  three- item  groups; 
the  two  alphabets  were  presented  in  this  form  separately, 
i.e.  ,  not  intermixed.  S/N  =  0,  -5,  -10,  -12,  -16db 
(white  noise)..  Scores  were  percent  correct  responses; 
confusion  matrices  were  also  developed.  Conclusions: 

ICAO  more  suitable  than  US-UK  alphabet  for  multi¬ 
language  use;  three  changes  in  ICAO  alphabet  rec¬ 
ommended:  change  EXTRA  (X)  to  X-RAY:  COCA  (C) 
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to  CHARLIE;  METRO  (M)  to  MIKE.  Second  experiment  sought 
attitude  ratings  on  7-point  scale  re:  US-UK  and  ICAO  alphabets 
(individual  words).  No  specific  criterion  of  preference  was 
imposed;  raters  (mixed  U.S.  and  foreign  students  at  OSU) 
yielded  data  concluded  by  experimenters  to  signify  "attitude.  . .  . 
changes  to  a  neutral  stand  alter  a  period  of  training. "  Third 
experiment  required  subjects  to  First  Experiment  above  to 
read  three-letter  groups  in  either  US-UK  or  ICAO  alphabets 
(whichever  came  first  to  mind),  as  fast  as  possible,  following 
a  pre-test  training  period  in  both  alphabets.  Responses  were 
tape-recorded  during  experiuicnt**  and  scored  in 

three  categories:  no.  in  US-UK.  no.  in  ICAO,  no.  in  neither 
set.  Data  showed  highly  significant  dominance  in  use  of  ICAO 
alphabet  over  US-UK.  Conclusion:  "subjects  were  apparently 
more  secure  in  their  ability  to  use  words  of  the  ICAO  alphabet 
than  those  of  the  US-UK. "  Fourth  experiment:  intrlligibility 
of  "Modified  ICAO  alphabet"  (substituted  CHARLIE  (C)  for 
COCA.  MIKE  (M)  for  METRO.  X-RAY  (X)  for  EXTRA)  was 
measured  at  S/N=  -10,  -12,  -16  db,  using  U.S. ,  German, 
Spanish,  German  talkers,  with  listeners  mixed  U.S.  and 
foreign  as  in  First  Experiment,  above.  Same  was  done  with 
unmodified  ICAO  alphabet.  Results  showed  modified  version 
significantly  more  intelligible  than  unmodified,  for  both 
foreign  and  U.  S.  listeners.  Additional  tests  were  run  com¬ 
paring  original  ICAO  against  above  modification  (C,  M,  X)  and 
against  a  further  modification  (Including  above  C,  M,  X)  and 
also  substituting  FOOTBALL  (F)  for  FOXTROT,  UNIFORM 
(  (U)  for  UNION.  ZEBRA  (Z)  for  ZULU.  Data  were  taken  at 

X/N=  -10,  -lidb,  using  U.  S. ,  British,  French,  Spanish, 
German,  Scandinavian  talkers  and  U.  S. ,  British,  French, 
Spanish,  German.  Finnish,  Indian,  Greek,  Thai  and 
Japanese  listeners.  Results  favored  conclusions  recommending 
modification  of  ICAO  alphabet  by  substituting  CHARLIE  for 
COCA  (C).  X-RAY  for  EXTRA  (X),  MIKE  for  METRO  (M), 
UNIFORM  for  UNION  (U).  Bibliography  =  43  titles. 


Moser.  Henry  M. .  Dreher,  John  J.  RESEARCH  ON  THE  LANGUAGE 
OF  VOICE  PROCEDURES  -  COMPARISON  OF  UNITED  STATES  - 
UNITED  KINGDOM  AND  INTERNATIONAL  CIVIL  AVIATION 
ORGANIZATION  PHONETIC  ALPHABETS.  OSURF  Project  519, 
Report  no.  6,  June  18,  1953. 

Intelligibility  of  US-UK  and  Modified  ICAO  (C.  M,  X  = 
CHARLIE,  MIKE.  X-RAY)  compared  in  three  transmission 
formats:  straightforward  use  of  alphabet  in  word-.^pclling; 
word-spelling  by  repeating  letters  of  alphabet,  prefacing 
second  presentation  with  "I  say  again";  word-spelling  by 
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sounding  th*  normal  £nglish«alphabttic  name  of  the  latter 
then  following  with  ICAO  alphabet  equivalent.  Native  U.  S. 
■peakar  (one)  recorded  atimului  materials,  which  were 
presented  to  20  native  U.  S.  listeners.  S/N=  -17  db. 
Intelllbility  and  ccnfusability  scores  were  derived  from  data 
obtained. 


Confusability  was  calculated  as 


N 


sub 


where  C  =  confusability  of  a  latte 


JC  1000 


TR  -  r. 


N^ub  =  number  of  suostitutions 


VR  =  total  no.  responses  for 
given  letter 


=  theoretical  frequency  of 
*he  letter 


Conclusion:  significant  differences  fjimd  between  trans¬ 

mission  formats.  "1  say  again"  was  significantly  more 
intelligible  than  letter-lCAO  format.  No  bibliography. 

Moser.  H.  M..  Oreher.  J.  J.  A  COMPARISON  OF  THE  US-UK  AND 
ICAO  PHONETIC  ALPHABETS.  OSURF  Project  519,  Report  no.  3. 
July  1953. 


Articulation  tests  and  tests  of  user  conltdence  Indicate 
that  the  ICAO  alphabet  is  In  all  respects  significantly 
superior  to  that  of  the  US-UK  alphabet  rw,isrdless  of  the 
nationality  of  either  speaker  or  listener. 

Attitude  rating  scales  after  training  in  nnd  use  of  both 
alphabets  indicate  that  no  significant  preference  (or  either 
is  evinced  regardless  o'  the  subject's  attitude  as  indicated 
by  the  same  rating  device  before  such  training  and  use. 

Substantial  Improvement  in  the  efficiency  of  the  ICAO 
alphabet  may  be  made  by  the  substitution  of  (our  words: 
COCA  changed  to  CHARLIE 
EXTRA  changed  to  X-RAY 
METRO  changed  to  MIKE 
UNION  changed  to  UNIFORM 


Moser,  Henry  M. .  Oreher,  John  J.  EFFECT  OF  CODE  CROUP 
WORD  POSITION  UPON  ERRORS.  OSURF  Project  519.  Report  nn.  4 


Octobtr  1953. 


Experiments  were  conducted  Jointly  by  Ohio  State  end 
British  Ministry  of  Civil  Aviation  to  determine  whether  the 
final  elements  of  3>letter  code  groups  ere  significently  less 
intelligible  then  the  first  elements,  when  spoken  by  U.  S. 
end  U.  K.  eir  traffic  personnel  end  responded  to  by  listener 
panels  of  both  nationalities.  US-UK  and  ICAO  word-spelling 
alphabets  were  compared  at  S/N=  10,  0,  -5,  -10,  -12, 

-16  db.  Second  and  third  elements  were  found  to  be 
significantly  less  intelligible  in  both  alphabets;  it  is  clearly 
implied  that  this  is  due  to  "intonation"  patterns  Imposed  by 
talkers.  Further  experiment  attempted  to  determine  an 
optimally  efficient  method  for  transmitting  by  voice  the  "Q- 
code"  groups  promulgated  by  International  Telecommunications 
Convention  of  1947  and  by  ICAO  Third  Session  Fins'  Report. 
Half  of  the  stimulus  material  contained  an  additional  presen¬ 
tation  of  the  letter  Q  following  each  three-letter  Q-group. 

Lists  of  randomly-arranged  3-  and  4-letter  (roups  were 
recorded  by  talkers  of  U.  S. ,  Spanish,  Japanese,  Filipino, 
Sweedish,  and  Greek  origin;  listeners  were  aatlve  U.  S. 

S/N  =  -22  db.  Conclusion:  no  significant  Improvement 
results  from  addition  of  letter  Q  to  existing  Q-stgnal  groups. 

Further  finding  from  first  experiments;  diminishing 
S/N  contributes  to  errors  of  reception  of  second  element  in 
3-element  groups;  In  the  date  obtained,  "most  of  the  errors 
comes  from  the  third  word  felemenU."  No  bibliography. 

Moser,  Henry  M. .  Dreher.  John  J.  EFFECTS  O*"  CCNCURRO'IT 

USE  OF  TWO  ALPHABETS.  OSURF  Project  SIV.  ytep-  rt  no.  5. 

November  1953. 

Two  groups  of  U.  5.  listeners  were  pre-tiainod 
no  hours),  one  on  US-UK,  the  other  on  ICAO  alphabets; 
both  were  given  articui;>tton  tests  (recorded  by  US  and 
foreign  talkers)  in  the  alphabet  of  pre-training,  at 
S^'N  ^  ~\l  db. ,  then  given  one  hour  cross-training  in  the 
second  alphabet  (US-UK  in  one  case,  ICAO  in  the  other), 
and  then  re<tulred  to  transcribe  articulation  teats  in  both 
alphabets,  administered  In  separate  lists.  Conclusion; 
"efficiency  of  operations  would  be  enhanced  by  the  util- 
ixatVon  of  a  single  alphabet". 

US-UK-trained  group  showed  improvement  of  10%  (from 
^4%  to  95.  9tU  in  articulation  of  (orelgn  talkers  during 
subsequent  testing  in  ICAO. 


A  ■•cond  •xpcrlmtnt  inv«itlgat*d  th*  effect  of  training 
In  on*  alphabet  (ICAO)  and  in  two  alphabote  (US-UKl  and 
ICAO)  on  speed  of  reeponee  in  transcribing  written  messages 
into  voiced  productions.  No  significant  difference  between 
groups  was  found,  re:  response-time  or  inhibition  to 
choosing  non-alphabet  alternate  words.  No  bibliography. 

Idoser.  Henry  Id. .  Oreher.  John  J.  NUMBF.R  TELLING  AND 
KOrr  PRONUNCUTK^.  osunr  Project  $19,  Report  no.  7, 

February  1954. 

Thirty-two  listeners  were  given  articulation  tests 
recorded  by  eight  speakers,  who  spoke  lists  of  two-digit 
numbers  (i.e. ,  10  to  99)  in  randomly  mixed  “group"/ 
“individual"  format  (group^ninety-nine;  ladlvidual>« nine-nine) 
S/N  s  -14.  -20  db  (white).  Listeners  were  d-'vm  from 
U.  S. ,  English,  rillpino,  Indian,  Japanese,  German, 

Finnish,  Spanish,  Greek,  Csech  aatienallties;  talkers  were 
American.  German,  British,  Spanish,  Finnish.  Results 
support  conclusions  that  at  both  S/N's  the  "individual" 
number -telling  method  prf'vides  better  o'cvption,  regardless 
of  talker  and  li.-tener  nationality. 

Second  experiment  investigated  the  effect  of  various 
pronunciations  of  digits  on  receotion  at  S/N  «  -21  db 
(white),  with  eight  speakers  of  Spanish,  Greek,  Japaiiese, 
German,  and  U.  S.  origin,  and  IS  native  U.  S.  listeners. 
Digits  from  0  (aero)  to  9,  with  variants  TRCE  for  THREE, 
FIFE  for  FIVE,  and  NINER  for  NINE  lncluH«d  in  randomly 
drawn  lists.  Results:  THREE  was  st'^'iftcaatly  better  than 
TREE,  there  was  no  significant  dlffer«.i..s  between  FIVE 
and  FIFE  or  NINE  and  NINER,  regardte^..  of  national 
origin  of  talker.  Footnote  references  to  inree  titles. 

Moser.  Henry  M. ,  Dreher,  John  J.  MW<iAURAL  DELAY  . 

OSURF  Project  519.  Report  no.  9.  March  1954. 

ICtmcit^siawl:  using  two  types  of  stimulus  material 
(verbal  instructions  h  ICAO  al^abet  )  letter  number 
groups)  presented  aurally  via  tape- recordings,  intelligi- 
bility  was  significantly  better*  when  signal  arrival  at  one 
ear  was  delayed  .04  second  re;  arrival  at  opposite  ear. 

S/N  =  -12  db  In  all  data.  Presenting  delayed  signal  to 
right  ear  yielded  significantly  (“and  materially")  better 
scores  in  code  (letter  4  number)  groups  than  when  same 
material  was  presented  delayed  to  left  ear. 

*  As  compared  *o  stimultaneous  presentation  to  both  ears 


Moier,  Hvnry  M. .  Dr*h«r,  John  J. ,  Pottersoa,  ^obtrt  £. 
SENTENCE  ELEMENTS  AND  LISTENER  RESPONSE. 
AFCRC  TR  54-80,  Aagnot  1954. 


(Prom  CoafiViMiBB»l : 

Use  o;{  proflit  "plooso"  bofor*  instruction  yielded  no 
atatlstlcnily  significant  improvement  of  inteilig<bility. 


The  following  parsphritje  expressions  were  found  superior 
to  those  in  the  righthanJ  column 


AT  ONCE 
OVER 
UNDER 
READ 


IMMEDIATELY 
ABOVE 
BELOW 
HEJiR  etc. 


No  dlffereocea  in  erticulatioo  score  can  be  related  to  a 
word's  root;  Latin  and  Anglo-Saxon  words  appear  to  be 
equally  effective. 

The  mode  of  utterance  (co.mmand,  quertton  or  statement) 
does  not  affect  its  articulation  score. 


Commands  are  as  effective  without  ‘•I  words  as  with 
them. 


Sentence  length  and  articulation  score  have  a  low 
negative  correlation. 

Moser.  Henry  M..  Oreher,  JohnJ..  Adler.  So)  THREE-DIGIT 

NUMBER  TELLING  AND  REPETITION  METHODS. 

AFCRC  TR  54-8;.  August  1954. 

From  Discussion  and  Conclusions:  PHASE  1 
Listeners;  ( 1)  N  ~  10  (8  US,  I  Rumania,  I  Jordan) 

(D  N  =  1114  US,  )  Indian,  f  Japanese. 

1  Spanish.  I  Jordan) 

Talkers;  N  v  4  (US,  German,  Creek,  Indian,  Spanish) 
Stimulus  material:  24  llels  o(  numbers  (S-di^ttl,  each 
presented  J  timee  In  each  of  three  forme:  5-2-4, 

5 -twenty -four,  three  hundred  twenty-four.  S,^N  :  •  I  2  db 
Con.;lueicns:  Single-digit  method  (5-.1-41  better  than  other 
two  where  foreign  and  U.  5.  talkers  'listeners  are 
present. 

With  US  talk-rs  listeners  only.  sU  three  are  *quall>’ 
•ffertive. 


PHASE  II;  methods  of  repeating  number-telling.  Each 
of  above  three  methods  was  paired  with  itself 
and  the  other  two  for  repeating  tremsmissions. 
Repeating  3-2-4  3-2-4  produced  no 
improvement  of  intelligibility;  three-hundred 
twenty-four-three-twenty-four  was  best  of  all 
tested. 

PHASE  III:  compared  single  presentation  of  3-2-4  and 
each  of  three  repeat  methods. 

Found  some  differences  among  nationalities,  also  3-2-4 
singly  as  good  as  3-2-4-3-2-4  repetition,  also  as  good  as 
3-2-4-3-twenty-four,  and  as  good  as  three-twenty-four  • 
three-two-four. 

Moser,  H.  M. ,  Dreher,  J.  J.  N-V  ALTERNATE  WORD 
INVESTIGATION.  AFCRC  TR  54-83,  (OSURF  Project  519, 

Report  no.  13)  September  1954. 

NOTAM.-NECTAR,  VAMPIRE -VICTOR  alternates  for  N 
and  V  in  ICAO  alphabet  were  selected  for  intelligibility 
testing,  using  talkers  of  Spanish,  Colombian,  Italian, 
French,  Thai  and  U.S.  origin.  Each  alternate  was 
combined  with  two  other  letters  from  ICAO  alphabet  to 
form  3-letter  groups  contairiing  only  one  N  or  V  word  per 
group.  Lists  of  groups  were  read  to  17  listeners  (12  males, 
5  females),  given  8  hours  of  pre-test  training. 

S/N  =  -9,  -12  db.  Same  lists  were  also  presented  to  a 
listening  panel  made  up  of  the  original  t’^lkers  (see  above). 
Results:  no  significant  improvement  oi  NOTAM- VAMPIRE 
over  NECT.\R- VICTOR. 

Random  arrangements  of  NOVEMBER,  NECTAR,  NYLON, 
OSCAR,  OZONE,  FOXTROT,  WHISKEY,  VICTOR,  ECHO, 
HOTEL,  ROMEO,  CHARLIE,  X-RAY,  read  by  French, 

US,  Italian,  Indian,  Jordanian  nationals  were  presented  at 
S/N  =  -15  db  (composition  of  listener  group  not 
described;  presumed  to  be  same  as  before)  to  determine 
intelligibility. 

Results:  US  most  intelligible,  French  h  Italian  second, 
Jordanian  third,  Indian  least  intelligible. 

Confusion -matrix  analysis  showed  NECTAR-VICTOR  more 
often  confused  in  certain  ICAO  alphabet  contexts  than  in 
others.  Recommendations;  for  (N)  NOVEMBER  should 
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replace  NECTAR  in  original  ICAO  alphabet. 


Moser,  Henry  M. ,  Dreher,  John  J. ,  Patterson,  Robert  E. , 

Adler,  Sol.  SENTENCE  FORM  AND  INTELLIGIBILITY  (FLIGHT 
TRAFFIC  INSTRUCTIONS).  AFCRC  TR  54-85,  September  1954 

Simulated  air  traffic  control  messages  for  voice  R/T 
transmission  were  prepared  in  both  "telegraphese"  and  full- 
dress  formats,  presented  to  300  native-U.S.  listeners  by 
each  of  10  speakers  representing  five  nationalities 
(Spanish,  including  Uruguay  and  Ecuador;  French,  German, 
British;  U.S.),  via  tape-recording.  Messages  typified 
operational  communication  in  7  phases  it  flight  operation, 
aiid  presented  in  customary  operational  sequence. 
Recordings  were  played  to  listeners  at  S/N  =  -5db  (white). 
Listeners  wrote  down  detailed  reproductions  of  messages 
transmitted  by  talkers.  Scores  were  percent  correct  copy 
rendered  by  listeners. 

Conclusions:  (1)  No  significant  difference  in 
reception  scores  of  flight  information  was  observed  between 
full  English  sentence  form  and  the  abbreviated  usage 
demonstrated  in  the  ANC  manual  (ICAO  publication  of 
recomme  jd  practices)  as  practiced  by  several 
international  towers  in  the  United  States.  (2)  No  significant 
differences  were  registered  by  American  listerners  in 
respect  to  Spanish,  French,  German,  British  or  American 
speakers  under  a  condition  of  moderate  noise  interference, 

Reference  1,  p  7  of  TR  54-85,  shows  lhat  telegraphese 
will  conserve  about  14%  of  communicating  ciiunnel  time. 
Authors  reason  that  continued  use  of  telegrapiiese  is 
adequately  defended  by  findings  reported.  (Bibliographic 
footnotes  =  4  titles.) 

Sample  messages  in  both  formats,  also  listener 
answer  sheets,  are  included. 

Moser,  Henry  M.,  Drehe. ,  Joh.i  J. ,  Adler,  Sol.  FOUR-DIGIT 
NUMBER  TELLING  TESTS,  AFCRC  TR  54-86,  September  1954. 

Four  types  of  four- digit  number  telling  were 
investigated: 

A.  single  digit  (e.g.  one-tworthrec  four) 

B.  group  (twelve  thirty-four)  ' 

C.  .nixed  (one,  two-thlrty-four) 

D.  full  word  (one  thousand,  two  hundred,  thirty-four) 
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American  listenere  handled  all  methods  equally  well 
when  either  Americans  or  fo^'eignera  were  speaking. 

Foreign  subjects,  lictenlng  to  Americana,  did  best  with  the 
•ingle-digit  method,  worst  wltli  the  full-word  method.  When 
listening  to  an  international  speaker  panel,  foreign  listeners 
exhibited  no  differences  with  methods  A,  B,  C.  'but  again 
•  cored  lowest  with  the  full-word  form. 

Moser,  Henry  M. ,  Oreher,  John  J.  PHONEMIC  CONFUSION 

VECTORS.  AFCRC  TR  54-84,  September  1954. 

Test  responses  of  listeners  from  27  countries  who 
were  tested  over  a  period  of  a  year  and  a  half  on  several 
versions  of  word  spelling  alphabets  are  examined  to 
determine  patterns  of  intra-ensen-.ble  confusion.  On  the 
word  level,  contusion  seex  s  to  hinge  on  the  r.r canted  vowel, 
and  these  confusions  are  stratified  according  to  the 
srtlculctory  position  of  the  vowel.  Greater  discrimination 
for  front  voxels  than  for  back  is  noted,  as  well  as 
diminishing  intra-ensemble  confusion  from  hlgh-to-low 
articulatory  position.  A  method  for  computing  confusion 
vectors  is  presented  along  with  a  rationale  for  Increasing 
tne  phonemic  stability  of  any  particular  set  of  words. 

(From  Conclusions,  TR  54-84,  p  14) 

2.  Of  the  three  categories  formulated.  Category  I 
1/1/  and  /u/)  {NOTE:  "three"  and  "tv'o"'  has  most 
internal  confusion,  with  Category  II  (/I/  end  /U/)  and 
Category  Ill  (/e/,  /^/,  /ae/,  /.  /r  /)  showing  increasing 

stability,  notwithstanding  their  greater  theoretical 
possible  chances  for  error. 

4.  The  confusabllity  of  a  word  or  set  may  be 
calculated  from  error  frequencies  in  an  articulation  teat. 

5.  Larger  inter-  than  intra-category  confusion  values 
is  evidence  of  phonemic  instability  in  a  set  of  words. 

Moser,  Henry  M.,  Oreher,  John  J. ,  Adler,  Sol.  TWO-DIGIT 

NUMBER  TRANSMISSION  BY  VOLUNTARY  STUTTERING. 

AFCRC  TR  54-82.  September  1954. 

Foreign  and  American  listeners  heard  two-digit 
numbers  transmitted  In  two  different  ways:  (1)  normal 
delivery  (one-two),  and  (2)  voluntary  stuttering  (wuh- 
one-tuh-two).  The  signals  were  presented  st  five 


different  S/N  ratloe  and  the  articulation  scoree  were 
compared  for  differences  (1)  at  noise  levels  and  (2)  between 
methods. 

In  both  methods  American  listeners  achieved  signifi¬ 
cantly  higher  articulation  scores  than  foreign  listeners  at 
four  of  the  noise  levels.  Voluntary  stuttering  gave  ooth 
groups  significantly  better  results,  with  score  Im¬ 
provement  relatively  Increased  as  the  S/N  ratio  made 
listening  more  difficult. 

Stimulus  materials:  two-digit  numbers, 

Moser,  Henry  M. .  Oreher.  John  J.  A  COMPARISON  OF  THE 
THREE  N-WORD  ALTERNATES  IN  THE  MODIFIED  ICAO 
ALPHABET.  AFCRC  TR  54-88,  November  1954. 

Twenty-six  subjects  representing  17  nationalltU-s  listened 
to  speakers  of  8  nationalities  pronouncing  random  groups 
of  words  from  the  4-word  ICAO  alphabet  modilicatlon. 
Including  the  alternate  words  nugget  and  November. 

November  proved  superior  to  nugget  or  nectar, 

Moser,  Henry  M.,  Oreher.  John  J.  STANDARD  PRONUNCIATION 
or  THE  MODIFIED  ICAO  ALPHABET.  AFCRC  TR  54-89, 
December  1954. 

Experiment  tested  most  intelligible  alteri()*ie  pronun¬ 
ciations  for  ALFA  =  AL-fuh.  Ahl-EAi  -VECTAR  = 
NECK-ter.  Neck-T^R:  (O)  OSCAR  -  AHS  kvi  .  Aws-  KAIL: 
(VI  VICTOR  =  VICK-ter.  Vlck-TQR:  (Q)  Queovc  = 
Kav-BECK.  li£H-becki  (F)  =  FOX.  FOXTROT.  Talkers 
were  8  male  nationals  of  Braall,  Colombia,  Byelorussia, 
Poland,  Germany,  Italy.  Holland,  U.S.  Listeners:  three 
groups  tested  separately  -  (a)  11  U.S.  (emales:  (b)  26 
nationals  of  Argentina,  Braall,  Colombia,  San  Salvaoore, 
Japan,  Korea,  Turkey,  Jugoslavia,  Byelorussia,  Poland, 
Austria,  Finland,  Italy,  France,  Syria,  Iran,  Iraq. 

(cl  75  U.S.  males  AFROTC  students.  S/N  =  -8,  -12  db. 

Results:  (Ql  Quebec,  recommended  pronunciation  - 
Kav-BECK  or  kwl-BECK:  (0  FOXTROT  to  be  maintained. 
With  these  exceptions,  "any  pronunciation  of  stress  on 
ICAO  words  within  normal  phonemic  limits  of  user 
nations  Is  acceptable  tor  inlernattonal  communications," 
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Mot«r,  Hmry  M.t  Dr*h«r,  John!.,  Adlar,  Sot  A  COMPARISON 
or  aRCLE  COUNTING  TO  THREE  METHODS  OF  REPEAT 
TRANSMISSION  OF  THREE  DIGIT  NUMBERS.  AFCRC  TR  S4<90, 
D*e«mb«r  I9S4. 

roar  mothodt  of  trontmittlng  thrt«*dlgit  numbtrt 
wor*  comporod  at  four  S/N  ratios. 

Thoo«  mothods  wtrot 

1)  Ropoot  mothod  ACi  "4SS,  I  say  again,  four  hundrad 
slKty-aight. " 

2)  Rapaat  mathed  CA;  'Tour  hundrad  sixty  tight,  I 

say  again  4SS" 

S)  Rapaat  mathed  CBi  "F  our  hundrad  sixty  sight,  I 
say  again  four  hundred  sixty  sight 
4)  Circle  countlngi  "461,  I  count,  4,  2<I-4;  6,  4*S*6; 
S,  6-7.$." 


The  latter  method,  which  considers  the  10  digits  as 
arranged  In  a  circle,  Identiflas  each  digit  by  counting  up  to 


i. 

X 


9-0-1 

0-1-2 


-2-3 


At  all  S/N  ratios  the  circle  counting  proved  signifi¬ 
cantly  superior  to  any  of  ih*  three  repeat  tnathods  which 
were  the  best  of  nine  possible  types  >*<  •  erltltlon. 


Moser,  Henry  M>.  Dreher,  John  J.  PRCLI.MINARY  MAYDAY-gOS 
COMPARISON.  AFCRC  TN  55-52.  February  1955. 


Mayday  gives  listening  scores  sapeMor  to  SOS  when 
tested  with  foreign  speakers  In  heavy  holts. 

Moeer,  Henry  M.,  Dreher,  John  J. ,  Oy*r,  Herbert  J.  THE 
RELATIVE  ENtCLLIOlBILITY  OF  SPEECH  RECORDED 
SIMULTAN  EOUILY  AT  THE  EAR  AND  MOUTH.  .AFCRC  TN  :5-50 
February  1455. 


Word-lists  rsad  by  il*  fnale  talkers  were  recorded 
stmultaneously  at  talkers-  mouths  and  left  ears,  Word- 
llets  were  each  50  words,  compiled  from  CAA-eontrol- 
tower  word  count  of  }®5l.  Each  talker  reed  four 
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■  crambllngt  of  aach  Hat.  Rtcordingi  were  played  to  a 
listening  panel  of  24  trained  observers,  In  three  s/n 
conditions:  4^6,  0.  •■6  db.  No  filtering  was  Interposed; 
llstensTS  received  S'fn  In  POR>8  headphones  (Presumably 
binaural).  Conclusions:  mouth  signal  was  superior  to  ear- 
signal;  however.  Intelligibility  of  ear-signal  was  high 
enough  to  deserve  coi  .d-^ratlon  as  a  mode  of  communi¬ 
cation  under  certain  clicumstances  (not  specified.  ! . 

Notes  that  positioning  ear-transducer  affects  "the  quality 
of  the  ear-signal",  also  that  a  special  ear  microphone 
might  be  devised  to  operate  on  the  ear  signal  more 
efficiently.  (Bibliography  of  two  titles) 

Moser,  Henry  M.,  Dreher,  John  J.,  Oyer,  Herbert  J.  THE 
RELATIVE  INTELUaiBILlTY  OF  SPEECH  RECORDED 
SIMULTANEOUSLY  AT  EAR  AND  MOUTH.  AFCRC  TW  55- S3. 
March  1955.  (Supplementary  report  no  1). 

Indications  from  the  preliminary  phase  of  investigation 
are  followed  up  herein.  Speech  signals  Awvr  .-eiorded 
simultaneously  at  the  left  ears  and  Ups  of  six  adult  male 
speakers.  Test  materials  consisted  of  50  monosyllabic 
words  of  high  frequency  In  air  operations,  selected  from  a 
sannpUng  of  UO  C.\A  control  towers.  These  words  were 
balanced  to  approximate  closely  the  vowel  and  diphthong 
occurrence  in  English  mcnosyllahles.  Each  speaker 
recorded  tlx  randomised  lists.  These  lists  were  presented 
randomly  with  respect  to  origin  to  a  panel  of  24  trained 
listeners  in  quiet  and  at  five  S/N  ratios.  The  criterion 
measure  employed  was  the  total  number  oi  <-r.r>’«ct 
responses  to  six  speakers  for  each  listener  ^t  rach  S/N 
ratio  considered. 


Origin  of  speech  signal,  S/N  ratio,  a'^d  listener 
constituted  the  three  factors  in  the  design.  S/N's  ^  -4. 

-9,  -12.  -15  and -18  db.  Results:  in  quiet  rpeech  picked 
up  at  ear  was  an  intelligible  as  cpeech  picked  up  at  mouth; 
decreasing  S/N  is  significantly  destructive  to  intelligibility 
of  speech  picked  up  at  both  ear  and  mouth,  and  Is  more 
destructive  to  speech  picked  up  at  mouth;  at  -  12  db  s/n, 
ear  speech  is  significantly  better  than  mouth  speech;  ear 
signals  become  relatively  more  Intelligible  than  mouth 
signals  as  s/n  decreases,  conclusion;  "further  urork  on 
engineering  a  microphone  lor  the  specific  nature  of  the 
ear  signal  would  be  warranted"  (Two  references). 
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Moacr,  Henry  M. ,  Dreher.  John  J. .  Adler,  Sol.  EFFECT  OF  VOCAL 
INFLECTION  ON  THE  INTELLIGIBILITY  OF  TWO-UNIT  SIGNALS. 
AFCRC  TN  55-54,  March  1955. 

SUMMARY; 

Native  American  llstenera  recognise  three  groea 
inflection  pattema  in  apeaklng;  rlaing,  level  and  falling. 

Theae  three  pattema,  combined  to  make  nine  paired 
aequencea,  were  applied  to  four  typea  of  two-unit  aignal: 

1.  Intoned  vowel  paira;  2.  Two-digit  numbers;  3.  ICAO 
alphabet  word  pairs;  4.  Digit- word  pairs. 

Responses  of  trained  subjects  at  -9,  -12,  and  -15  db 
S/N  ratios  indicate  that;  1.  The  rank  order  effectiveness  of 
the  nine  contour  sequences  differ  somewhat  with  the  type  of 
signal  transmitted.  2.  Generally  speakinR.  ^lat-flat  (-  -) 
and  rising-rising  {//)  inflections  are  best  with  all  types  of 
signal  transmitted.  3.  With  all  signals  there  is  noted  a 
"mirror  image"  effect,  in  which  a  time-order  reversal  of 
contour  is  consistently  damaging  to  the  message  (e.g.  if 
rising-rising  was  good,  then  falUng-fnlUnii  was  worse,  and 
so  on  with  the  rest  of  the  sequences).  4.  Intensity  of  a 
contour  is  unaffected  by  its  tonal  environment. 

Moser.  Henry  M. .  Dreher,  John  J. ,  Adler,  Sol  THE  EFFECTS  OF 
CONTROLLED  AFFECTIVE  TONE  ON  INTELUCIBILITY. 

AFCRC  TN  55-59.  June  1955. 

Conclusions  (paraphrased):  "Through  the  use  of  stimuli 
with  little  aseociational  value,  it  wo-  M  appear  that  the 
overlay  of  controlled  emotion  adds  nultui.g  to  IntelligiblUty. 
Thus,  for  digits,  at  least ,  the  encoder  (talker)  may  transmit 
with  a  certain  range  of  emotion  that  neiiner  helps  nor  hinders 
the  auditor  (listener). 

It  is  uncertain  what  the  results  would  have  been  if  no 
emotional  intensity  control  had  been  used.  It  would  seem, 
subjectively,  that  anger  might  have  been  superior  to  other 
modes  of  transmission," 

Emotions  represented:  Normal,  $e<bteso,  Joy,  Anger, 
Inter-telker  (three  males,  one  female,  all  "experienced 
stage  people")  variance  and  inter-emotion  variance  were 
both  non -sign  if  leant.  Listeners  were  39  AFROTC  08U 
students.  Stimulus  materials  were  lists  of  two-digit  numben. 
Listeners  wrote  down  numbers  immediately  following 
presentation  of  ea:h  pair. 
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Moftr.  Hmry  M.  THE  EFFECTS  OF  CONTROLLED  BOUNCE 
BLOCK  AND  PROLONGED  BC'NCE  BLOCK  ON  THE 
INTELUOIBILITY  OF  OPERAiTONAL  WORDS.  AFCRC  55-61, 
Junt  1955. 

Conclualoa: 

" . On  tha  be  sla  of  tha . tasta  and  pracading 

raaulta  (Two-digit  Nambai  Trrntmlaalon  by  Voluntary 
Stuttartng".  Motor,  Drahar  and  Adlar,  AFCRC  54-82) 

It  la  eoncludad  tl^nt  tha  bcunca  block  matorlally  alda 
trantmlaaloa  of  ha  PB  monoayllablaa  undar  uafavorabla 
racaptlon'  eondlttoaa.  Undar  tha  aamo  coadltlona  tha 
prolong  ad  block  mathod  wat  Infarlor  to  both  othar  typaa 
of  dallvary.  a. ,  bounca  block  and  normal). 

Oyar,  Karbart  J.  RSIXATIVE  INTELUOIBIUTY  OF  SPr,'.iCH 
RECORDED  SIMULTANIEXIUSLY  AT  THE  EAR  AND  MOUTH. 

OAL  Projact  519,  (No  TN  no.).  July  1955 

Moncayllablc  worda  racordad  at  tha  Kps  pnci  laft  aara 
o!  alx  apaakara  wara  fad  to  tha  haadaata  of  24  tralnad 
llatanara  at  -11.,  -15,  and  -18  (db)  S/N  ratlona.  Although 
tha  trwd  for  IntalllglblUty  tcoraa  throughout  tha  taat  la 
it  in  tha  aama  dlractlon  for  algnala  of  both  origlna, 
dacraaaing  S/N  ratio  la  mora  daatructlva  to  tha  apaach 
plckad  up  at  Uia  llpa  ( 5  raf arancaa) 

Motor,  Hoary  M. .  Drahar.  John  J. ,  Adlar.  Sol.  A  COMPARISON 
OF  HYPONASALITY.  HYPERNASAUTY,  AND  NORMAL  VOICE 
QUAl  IT'^  ON  THE  INTELUOIBILITY  OF  TWO  DTG!’^  NUMBERS. 
AFCRC  TN  55-60.  July  1955. 

*'Stx  Eaatam  and  Otnaral  Amarican  apaakara,  ualng 
hyponaaal,  hyparnaaal  and  normal  voica  qualltiaa  racordad 
random  Uata  of  two-digit  numbara  fcr  praaantatlon  In 
nc'.ta  to  11  tralnad  llatanara,  all  of  whom  hnd  52  houra  of 
practlca  in  liatonlng  and  taatlng  In  nolaa.  Raaulta  Indlcatad 
whlla  vote*  quailtlaa  actad  in  a  ralatlvaly  almllar  mannar 
ut  bath  al^al-te-solta  ratios  taatad  (-12,  -15  db), 
hyparnaaallty  waa  daatructlva  at  tha  mlldar  nolaa  laval,  and 
normal  dallvary  waa  bast  throughout. " 

.doaar,  Hanry  M. ,  Drahar,  John  .T.  EVALUATION  OF  THE  . 
MILITARY  ALPHABETS.  Spaach  Monugrapha,  Vol.  22,  no.  5, 
(Nova,  rhar  2958). 

Raportc  Intalllglblltty  and  prafaranca  compariaon  of  US -UK 
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and  ICAO  (old)  alphabata,  and  digits  including  THREE-TREE, 
five-fife.  NINE-NINER.  ZERO-OH.  Subjacta;  OSU 
Studanta.  foraign  and  US;  Airman  of  US,  English,  Australian, 
Franch,  3algian,  Carman,  Craak,  Caach,  Rumanian, 
Jordanian,  Israali,  Finnish,  Swadish,  Italian,  Colombian, 
Spanish,  Turkish,  Chinasa,  Japanasa,  Thai,  Indian 
nationalitias.  Employad  S/N  of  0,  -5,  -10,  -12,  -16  db. 
Found  old  ICAO  suparlor  to  US- UK  undar  all  S/N  axcapt 
0  db  (p  »  .01  to  .001).  Also  found  9  hours  pra-tast  training 
tlma  minimum  nacassary  for  both  alphabata;  subjacts 
raportad  in  this  study  wars  trainad  for  12  hours  bafora 
tasting  (articulation). 

Preftranca  was  maaaurad  by  having  S's  raapond  to 
tachistoscoplc  display  of  3-lattar  groups  by  calling  off  tha 
iattara  in  tha  alphabat  of  thair  cholca;  raault  significantly 
grsHtar  usa  of  ICAO. 

Moser,  Henry  M..  Drahar,  John  J.  EFFECTS  OF  TRAINING  ON 
LISTENERS  IN  INTELLIGIBILITY  STUDIES.  J  A  S  A  vol.  27, 
no.  6,  pp  1213-1219,  (Novambar  19S5) 

Abstract; 

Six  hundrad  English  monosyllablas  formad  by 
suceassiva  agglutination  of  initial  consonants  wars  prasantad 
in  high  nolsa  to  twalva  subjacts  sklllad  In  llalaning  in  nolsa 
but  unlnformad  as  to  tha  words.  Altamata  training  and 
testing  sasstons  wara  conducted  »t  weekly  intervals 
following  this  initial  test  and  differential  responses  to  tha 
words  wara  plotted.  Results  lndica< '  that  correct 
response  is  inversely  proportional  lu  ili«  number  of  speech 
sounds  in  tha  monosyllable,  with  one  sxcaptioni  tha  two- 
sound  monosyllable  is  suparlor  to  all  otnar  lengths  whan 
subjects  have  had  even  one  chance  to  hear  words  read  aloud. 
Rasponsas  grow  prograsstvaly  batter,  apparently  becoming 
asymptotic  to  a  calling  value  datvrmlnad  by  tha  S/N 
ratio,  at  tha  same  tlma  prasarving  tha  sama  ordar  of 
dlffaranca  as  astabltshad  by  tha  nalva  group. 

PB  lists  now  In  currant  usa  In  audiology  are  analysed 
according  to  phonetic  length  and  a  method  for  correcting 
intarnal  Inconslstanclas  In  lists  Is  proposed. 

Amount  and  kind  of  listener  training  Is  seen  as  a 
primary  variable  In  Intelligibility  tasting. 


Mottr,  Henry  M. ,  Oreher,  John  J. ,  Adltr,  Sol 
POSITION  AND  WEATHER  TELLING  METHODS. 
AFCRC  TN  55-62,  July  1955. 


AFROTC  ttudents  at  Ohio  State  were  teeted  to 
determine  effeciiveneii  of  three  formate  for  trans¬ 
mitting  aircraft  poeitlon  and  weather  Information  by 
voice  radio.  The  formate  were:  (1)  Tag-word 
(number-groupa  separated  by  tag-word  identifying 
the  class  of  data  to  follow);  (2)  Plain  telling  (no  tag- 
word;  number  groups  separated  only  by  distinct 
pauses);  (5)  Fast  tolling  (number  groups  only,  read 
as  fast  as  possible).  Messages  were  recoidsd  by 
"experienced  talker".  General  American  speech 
habits.  Measures  of  word- rate  were  taken  (Tag- 
word  =  112  wpm.  Plain-telling  =  74  .vpm,  Fsst- 
telling  =101  wpm);  also  duration  of  individual 
messages  were  averaged.  Object  of  ntvbnuring  rate 
k  message-time  was  to  relate  listener-performance 
(no.  correct  messagen)  to  communication  rate  and 
channel-time,  so  as  to  evaluate  each  format  In 
quasl-operational  terms.  During  listening-tests, 

S/N  =  -5db  (tape-recorded  white  noise  played  thru 
loudapeakers).  Conclusion;  "For  accuracy,  In 
telling  digit  encoded  weather  messages,  the  plain 
telling  style  with  definite  pauses  between  message 
elements  was  most  effective.  "  Also.,  "some 

firaettee  In  a  very  fast  rate  Is  desirable.  .  .  .  .since 
If  It  were  to  be  used). ....  a  greater  a’^''u>it  of  the 
message  Is  salvaged  by  listeners  who  haa  previously 
(been  required  to  transcribe  fast-telUng  messages, 
as  compared  with  those  who  had  not)." 

NOTE:  listeners  were  also  rer,u‘red  to  copy 
messages  read  In  the  Fast  telling  format  (see  above), 
at  150  wpm  rate,  following  the  experimental 
listening  seaslons.  (Bibliography  of  one  title.) 


Moser.  Henry  M. ,  Bell,  C.  E.  JOINT  US-UK  REPORT, 
SUMMARY  STATEMENT  ON  NUGGET -NOVEMBER  TESTS. 
AFCRC  TN  55-66,  5  August  l<»55. 


Experiments  were  designed  to  determine  whether 
NUGGET  or  NOVEMBER  was  the  better  replacement 
for  NECTAR  In  original  ICAO  alphabet  (NIECTAR 
found  to  be  highly  confuslble  w,t)i  VICTOR).  Talkers: 


In  U.  S.  tt«U  -  Amtrlcan,  BrnBlIian,  Colombian,  Dutch; 
in  UK  toats.  nlr  traffic  controlltra  (Britlah).  Both  groups 
of  tnlkora  cailtd  out  thrae-lttttr  groupa  "involving  both 
NUOOCT  and  NOVEMBER"  (dataila  unapacifiad). 

Liatanara  (US  taata)  total  N  »  61  pilots,  air  cadats, 
tralnad  Intamatlonal  controllara;  S/N  «  0  db.  Rasults; 
NOVEMBER  suparlor  to  NUOOET  at  p  =  .  001.  UK  tast 
(British  controllara),  rasults:  NOVZ^BER  suparior  to 
NUOOET,  pa  .  01  to  .  001.  UK  taat  with  9  trainad 
intamatlonal  controllara  #  S/N  a  *18  db  in  haadaats 
showad  no  significant  raault  for  aithar  NUOOET  or 
NOVEMBER.  Racommandatlon:  raplaca  NECTAR  with 
NOVEMBER. 

Moaar,  Hanry  M. ,  Drahar,  John  J.,  Oyar,  Harbart  J.  THE 
RELATIVE  INTDfSlTY  OF  SOUND  AT  VARIOUS  ANATOMICAL 
LOCATIONS  C»)  THE  HEAD  AND  NECK  DURING  PHONATION  OF 
VOWEL  SOUNDS.  AFCRC  TN  S5-70,  August  195S. 

Maasuramants  of  sound  intanslty  during  vowal 
phonatlon  ara  raportad  (or  varlou*  tr^mwducar  poaitlont 
from  tha  larynx  to  tha  top  of  tha  hand,  as  a  stap  in 
locating  an  optimum  location  for  a  voles -communication 
mlcrophona.  Individuals  (adult  malas)  wart  chosan  to 
axamplify  thraa  major  somatotypas:  short- stocky, 
rnadium,  slandar.  Whilt  aach  aubjtct  intonad  vowal 
sounds,  tha  output  of  a  bona -conduction  pickup  was  taps- 
rtcordad;  slxtaan  dtffarant  sonas  around  tha  haad  wars 
•ampltd;  twtlva  vowtls  wart  intonsd  by  aach  subjact  at 
tach  transductr  location.  Data  art  rtporttd  at 
ptrctntagas  of  tound-ltvtls  ttcur.-rf  •<:  tht  larynx.  A 
rank-ordtr  of  intanslty  is  astablishtd  rr:  anatomical 
location  of  pickup  points  (no  raftrtnvts). 

Mostr,  Hanry  M. .  Drahar,  John  J.,  O’Ntlll,  JohnJ., 

Adltr,  SoL  A  CXIMPARBON  OF  SINGLE-  AND  DOUBLE- 
BOUNCE  TRANSMISSION  UPC^  THE  INTELUOIBIUTY  OF 
OPERATIONAL  WORDS.  AFCRC  99-69,  August  1999. 

"On  tha  basis  of  tha, ....  taats  and  pravious  rasulta  It  is 
Gonclttdad  that  tha  tingla-bounca  typa  of  daltvary  laads 
to  a  graatar  word  intalllgiblllty  than  dots  tha  doublo- 
bounca. 

itimulus  matarlals:  PB  lists  in  carriar  santanca;  talkars: 
ona  nativa  U.S.  Amartcan  mala,  Ganaral  Amartcan  apaach; 
Itstanara  six  mala  S'  (our  (amalt  studants,  pra-trainad  with 
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ncn'ituttsred  word  Ust*. 


Motor,  Henry  M. ,  Orehtr,  John  J. ,  Adltr,  Sol  NUMBER 
TELLING  OF  REPEAT FJ5  DIGITS,  EVEN  HUNDREDS  AND 
THOUSANDS.  AFCRC  TN  55-73,  Octobtr  1955. 

Arti.rulttory  elCrlracy  of  telling  grouped  numbert  wet 
tnettured,  urlng  following;  foi matt:  (t)  511  =  five-double- 
one  or  5111  -  tlve  -  triple -\ne  vt.  five-one-one  or  five-one- 
one-one;  (b)  2Z5  =  4oub'.e-two-five  or  2225  -  trlple-two- 
fi-te  v«.  twc-rwo-flve  or  ?■,;«> -two -two -five;  Ic)  3446  = 
.hrep-double-lcuv-tir  or  34446  “  thr«e-triple-four-«lx 
vt  ihre-f-fonr-ic.r-e.*  oT  o-rtt  ’onr-four-louT-n;!. 

With  US  talker  and  llatenera,  no  aignificant  aitierenret 
were  found.  Second  expert.-nent  measured  arttcuiatio.'. 
of  hundreds  and  thousands  in  formats  of  100  =  one-xero- 
xero  v«.  on*  hundred.  1500  =  one-flve-xero-xero  vs. 
one  thousand  fi/e  hundred.  1000  =  onesxero-xero-xero 
V*.  one  thousand.  Uring  US  talker  and  listeners  only, 
apparently  significant  differences  were  found  isvoring 
•  ingle-digit  format;  however,  highest  articulatlut  scores 
did  not  approach  50%  correct.  S/N  s  -15  db  (white)  in 
all  cases.  Authors  conclude  this  evidence  cootirms 
previous  findings.  (Bibliography  of  four  titles) 

Moser,  Henry  M. ,  Dreher,  JohnJ..  Harbold,  George  J. 
RECOGNITION  OF  THREE  MAGNITUDES  OF  INTERPHONEMIC 
TRANSITIONAL  INFLUENCE.  AFCRC  TN  55-74, 

December  1955. 

This  study  was  done  to  see  i(  recognitio.-.  .(  nonsense 
syllables  could  be  related  to  the  magnitude  of  mter- 
phonemlc  transitional  influence.  McnosyUabic  nonsenee 
syllables  were  structured  by  combining  consonants  and 
vowels,  with  respect  to  hub  locelion,  to  effect  three 
discrete  magnitudes  of  transition,  namely,  i  1)  Minimum, 
(2)  Medium.  (3)  Maximum  categortes.  CV,  VC.  and 
CVe  syllable  forms  afforded  (a)  double  representation 
on  of  each  magnitude  by  each  aound  combination  within 
each  list  of  syllables,  and  (b)  equal  representation  of 
magnitudes  ae  to  location  of  transition  with  respect  to 
the  vowel.  Six  .'nale  speakers  recorded  the  syllables  to 
which  24  trained  listeners  responded  (syllable  and 
speaker  orders  randomixed)  in  prog  restively  destructive 
S.fN  ratios.  The  ♦  3  db  S.fN  ratio  result!  were 
analysed. 


The  criterion  meoeur'?  war  megnitude  recognition 
irreepoctlve  of  tri&neltion  directior.  Data  were  evaluated 
by  triple  analyaia  of  variance.  Risulti  aupported  the 
hypothesia  that  magnltudee  of  transition  could  be 
differentially  recognised  and  identified. 

Definite  aviperiorlty  c'.  Minimum  transitions  over  the 
two  greater  magnitudes  was  revesUd.  Transitions 
preceding  the  vowels  were  superior  for  both  the  Mliunri.m 
and  Maximum  categories,  but  there  was  no  sigra  '.cart 
difference  between  positions  for  the  Medium  magnitudes. 

It  was  concluded  front  the  rejulte  of  inie  aMdy  tnat 
(i)  traneemee,  or  dlacrete  me!>nltudea  of  interphonemic 
t.'ansftional  influence,  exlet  as  entitii's  and  deserv* 
further  conalderatlon  in  future  efforts  to  dcl‘>'.eatt  the 
code  units  of  e5>#ech:  (2)  magnitude  of  transition, 
direction  dlire|arded,  doee  not  provide  recognition  cues; 
())  neaitlon  of  tranattlon  ehift,  wiiii  respvct  to  the  vowel, 
ie  eigniftcant  for  certain  magnitudes;  14)  direction  of 
shift  does  not  contribute  to  recognition  v.f  'magnitude;  and 
1$)  transition  .magnitude  might  be  investigated  to 
determine  poeeible  involvement  in  arUculation  testing. 

Moser,  Henry  M.  ,  Dreher,  John  J.  .  Adler  Sol  crFECT  OF 
RATE  AND  PHIASINO  ON  INTELUOiaiLlTY  OF  AIR 
MLSSAOES.  AFCRC  TN  5^-40.  May 

F'vj  trained  lalktr^i  recorded  three  mescagee  in  each 
of  sis  lisle  of  I)  met  esges  of  the  ]o'*owi(>g  syntactic 
types:  Cemmand,  informaltor,  Que»i.o.‘.,  Telegraphese, 
Vt'o rd- plus  - Pr  epos itlcnal- Phrase.  Inf.n.uve- Plus -Object. 
The  controlled  vt.rtable  was  rate  of  speaking  delivery; 

(1)  Normal  li.e. ,  habitual).  12)  As  fast  as  possible, 

IM  Paced,  with  i/2' second  pauses  i.^t-tpolat rd  Setw-een 
phrases,  as  indicated  by  a  signal.  Listeners  wrt-ie 
metssfes  presented  vis  loudepeaktr.  S /N  -  Mb 

(white  noieel.  (Nature  and  procedure  of  listener  response 
net  deecribed  in  rep<i;{). 

'*On  the  basis  of  overall  ec-c;*  -■ivering  the  five 
message  types  in  this  cxperimrn*  ,-tetistiCBi  differ¬ 
ence  car.  be  show;,  beiw -e't  ih»  nr  ..-..l  and  deliberately 
spaced  methetds  of  pres>-ntati  -r  .  .  .  !t  is  oulie  )eac 
that  the  ‘fast- as  -  possible'*  method  .*  prohibitively 
inaccurate  ”  Conclusion:  "'On  the  oasis  of  practical 
consideratioiis . the  norms)  r'lte  and  phrasing  would 


appvkr  to  bt  th«  moft  deiirftble  typ*  oi  delivery,  " 
(Blbhogrophy  of  16  titltt.) 

Motor,  Honry  M. ,  ’^rohor,  John  J. ,  Oyd«r,  Htrbort  J.  THE 
RELATIVE  !NTELUGIBIL1TY  OF  SPEECH  RECORDED 
SIMULTANEOUSLY  AT  EAR  AND  MOUTH.  ATCRC  TN  55-46, 
May  1956  \»uppUm»nt*ry  roport  no,  2) 

Six  malt  aptaktra  rtad  thrat  randomiaationa  of  SO  PB 
mcnoayllablc  ATC  worda  of  high  frtquancy  atlacttd  from 
aampllag  tranamlaaloaa  from  120  CAA  control  towara. 

Thia  mattrlal  waa  rtc.rdtd  agalnat  notaa  backgrounda  of 
65,  95,  and  105  db  SPL.  AIC-IC  micropAoat  M-35/AiC 
nolaa-canctlling  typt  waa  compartd  with  Dyna-Lab  D-69 
Magnattc  'natrt  Traaaductr  (mouatad  la  talkara'  right 
•ar-caaal.  Both  davicaa  wara  amployad  for  aiinuU''.''iaoua 
racoft'lr.g  of  talkar  oatput. 

A  *ticulatlon-tast  data  wara  takan  by  liatenir.g  panol 
of  12  trainad  obaarvart  having  clinically  normal  haaring. 
Ltatanuig  tttta  wara  conduttad  in  quiat. 

RaauUa;  aar  tranaducar  prqducad  •uparlor 
articulation  acoraa  at  ait  thraa  SPL'a,  with  graataat 
■upariority  at  lowaat  SPL  i65  dbi.  At  105  db,  diffaranca 
batwaan  M-33  and  D-69  waa  vary  amalt  and  non- 
aigntficant.  Savara)  axptanationa  ora  offarad;  Umttationa 
of  M-55  ara  crttlciaad.  itwo  rafarancat) 

Mcaar,  Hanry  M.  ,  Drahar,  John  J. ,  Adlar,  Sot)NUM;>CR 
TCLLLNG  or  REPEATED  DIGITS,  EXACT  HUNLi*  !  AND 
THOUSANDS.  AFCRC  TN  SS-’S.  Jon#  I95t 

Pn**a  I  comparaa  alfactivanaa*  of  tinfia-difit  tailing 
of  multtpia  numbart  in  laquanca  with  tailing  by  uaa  of 
"doubla"  and  ''trspla”  daaignatora,  Phaaa  I!  comparaa 
tailing  oi  aach  aingla  digit  in  hundrtda  and  iKouaand  with 
tailing  of  initial  dlgila  foHowad  b/  '*hundrad"  or 
"thouaand"  daaignatora.  Spaakara  and  liatanara  wara 
Eaatarn-  v.S.  .'Canaral  American;  tllmulua  malartala 
wera  pratanlad  by  tapa-racording  via  haadphonaa: 

S/N  r  -iS  db  (infarrad  from  daacriptt:>n  of  Praaa»tat;on. 
poga  J).  CoAclvtiona:  Using  "d  '  bla”  and  "trlpla"  to 
danota  rr.uil'pla  auccaaatva  occurrancat  of  digits  doaa 
not  offa.'  any  advantaga  ovar  tingla-diglt  tailing;  uaa  of 
'’'nund'ad"  and  'thousand"  it  infarior  to  slngla  digit 
taliirf  of  nunreui’'*  involving  lhasa  nia^nStud^t. 
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Subjects  were  required  to  write  down  numbers  heard 
through  noise.  Bibliography  of  two  titles. 

Moser,  Henry  M.  ,  Dreher,  John  J.  ,  O'Neill,  John,  Adler,  Sol. 
EFFECTS  OF  REPEATING  THE  INITIAL  SOUNDS  OF  WORDS  ON 
THE  INTELLIGIBILITY  OF  AIR  MESSAGES.  AFCRC  55-69, 

June  1956. 


Procedure  involved  measuring  intelligibility  of 
connected  speech  and  isolated  words,  when  spoken  with 
and  without  stuttering  "bounce"  at  beginning  of  each  word. 
Conclusion:  "intelligibility  of  air  messages  might  be 
significantly  and  importantly  increased  by  the  judicious 
use  of  the  single  bounce  technique  in  voice  delivery". 
Recommends  further  research  with  operational  personnel 
"specifically  trained  in  using  this  method". 

Moser,  Henry  M. ,  Dreher,  John  J.  PRELIMINARY  TEST  OF 

AIR  DEFENSE  COMMAND  PROCEDURE  WORDS. 

AFCRC  TN  56-54. 

Purpose:  to  make  preliminary  test  of  certain  high- 
frequency  air  defense  procedure  words  and  some  possible 
alternates  when  spoken  by  American,  French  and 
Danish  speakers  to  American  listeners.  Stimulus 
materials:  6  ADC  key  words  (Track,  At.  Range,  Course, 
Objects,  Speed)  +  36  other  terms  currently  in  ADC 
(CONAD  55-])  use  or  being  considered  as  alternates  for 
terms  in  use.  Lists  of  these  42  words  were  recorded 
by  talkers  and  played  to  American  li.Bfeners  at  S/N 
(white  noise)  =  5  db,  and  at  S/N  ("voice  bubble")  = 

5  db;  also  in  quiet.  Talkers  were:  2  General  American 
males:  Engli;i2:-speaking  French,  1  male  and  1  female; 
English-speaking  Spanish,  1  male  and  1  female. 

Listeners  were  required  to  write  down  the  words  as 
presented;  listener  responses  were  scored  for  errors. 


Conclusions:  under  quiet  receiving  conditions, 
reception  of  the  procedure  words  was  "virtually  perfect" 
no  matter  by  what  nationality  they  were  read.  Both 
types  of  noise  (white  and  voice-babble)  "seriously 
affected  reception".  White  noise  at  a  given  S/N  ratio  is 
more  deleterious  to  intelligibility  of  these  words  than  is 
voice-babble  at  the  same  S/N.  American  speakers 
were  more  intelligible  (to  American  listeners)  than  were 
the  other  nationalities,  under  all  conditions.  Tho 
operational  tag-wo’‘ds  (Target,  At,  Range,  Course, 
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Objects,  Speed)  were  received  significantly  poorer  than 
the  other  operational  terms.  jNo  bibliography). 

Mossr,  Henry  M.,  Dreher,  John  J. ,  Oyer,  Herbert  J. , 

O'Neill,  John  J.  EFFECTS  OF  SEQUENCE  UPON  THE 
RECEPTION  OF  RELATED  AND  NONRELATED  MESSAGE 
ELEMENTS.  AFCRC  TN  56-55,  August  1956. 

This  study  evaluates  the  effects  of  word  order  on  the 
reception  of  short  Identlficaition  sequences  of  related  and 
nonrelate  i  elements.  Its  three  phases  involved  295 
American  listeners  and  five  American  speakers. 
Conclusions: 

Phase  1  iloudneas  judgments  between  monosyllables 
and  equally-lntenee  time-ordered  rriversalr): 

1.  latter  element  of  a  pair  is  heard  as  louder; 
1.  this  tendency  increases  when  the  latter 
element  is  more  familiar  than  the  former,  and 
decreases  when  letter  element  is  less 
familiar;  3.  judged  loudness  dllicmuce 
amounts  to  2  db. 

Phase  II  (comparing  effects  of  sequence  on  free 
forms  of  common  English  spondees  and  couplets): 

1.  Listeners,  when  aurally  presented  the  first  half  of  a 
apondee,  could  reproduce  the  whole  word  with  more 
■uc  cess  than  when  presented  with  only  the  latter  half, 

2.  Llstenera  when  aurally  presented  with  couplets 
(two  commonly  associated  free  forms)  could  Identify  the 
ccuplets  more  succeestully  on  hearing  the  cOi-fimon 
(expected)  order  tnan  when  hearing  the  uncommon 
(unexpected)  order.,  even  though  the  intelliglbilfty  of  the 
free  forms  themselves  wts  equal. 

Phaae  111:  considering  syntactically  related  two-unit 
call  designates  and  nonayntactlcally  related  three-unit 
call  desifnatea:  1.  When  bo\ '  trvo-unft  cell  sign  and 
modifier  enaamblee  are  small,  either  the  call  sign  or 
its  adjective  may  come  first  unless  the  call-sign  has 
relatively  high  confusabillty,  in  which  case  habitual 
£(nglish  word  order  of  adjective -noun  is  mors 
•ffectlve  for  Identifying  the  pair;  2.  Intelligibility  of  a 
sequence  of  three  unrelated  words  is  Independent  of 
their  order  of  occurrence;  3.  Alerting  values  of  the 
sequences  arn  equivalent  unleca  the  call-sign  involved  is 
confusable,  in  which  case  the  alerting  value  of  Its 


■  equence  !•  diminlshtd. 


Motar,  Henry  M. ,  Dreher,  JohnJ.,  O'Neill,  JohnJ., 

Oyer,  Herbert  J.  LISTENER  RESPONSE  SET  TO  VARIOUS  TEST 
FORMS.  AFCRC  TN  56-59,  October  1956. 

Purpose  of  experiment:  to  eee  whet  pattern  If  any  emerged 
from  a  aerlea  of  random  guetaea  or  answer  selections 
on  several  different  kinds  of  blank  teat  forms.  (Context  of 
problems:  speech  reception  experiments  In  which 
.Istener  responses  are  indicated  by  entries  on  answer 
sheets.)  Test  forms  Investigated;  1,  2-alternatlve 
checking  test;  2.  7-place  multiple-choice  checking  test; 

3.  multiple- choice  cross-out  tests  -  a.  horizontal  array, 

2  to  14  Items,  b.  vortical  array,  2  to  14  lte":e;  4, 
rating-scale  blank,  requiring  assignment  of  scale-value 
numbers  from  2  to  14  (ends  of  scale  numbered  1  and  15); 
rating-scale  in  which  respondent  Indicates  by  a  cross-out 
one  of  7  positions  along  a  horizontal  binnk.  15-tltle 
bibliography. 

Conclusions:  1.  First  two  Items  of  two- alternative 
(e.  g.  true-false)  showed  non- chance  response  set; 
remaining  Items  showed  chance  set  only.  2.  When  digits 
1  and  2  are  used  to  Indies' «  choice  between  two 
alternatives,  digit  1  Is  used  significantly  more  often  than 
2.  3.  Neither  two-nor  three-alternative  crossout  Items 
"were  conducive  to  a  chance  distribution  of  selections". 

4.  Four-,  five-,  six-,  seven-,  and  .'r.ht-  alternative 
crossout  Items  showed  a  chance  distribution  of  selections, 
on  both  horizontal  and  vertical  scale-arrangements. 

5.  With  numerical  selection  method  of  scaling,  only  the 
seven-point  range  showed  chance  distributions;  ranges  of 
5,  6,  8  and  up  through  14  number-selection  points 
showed  distributions  of  selections  displaced  toward  the 
high  end  of  the  scale.  6.  Seven-point  range  laid  out 
horizontally  on  a  "physical  scale"  produced  a  chance 
distribution  of  Interval  selections,  7.  The 
distribution  of  selections  accomplished  by  the  numerical 
entry  method  and  the  cross-out  method  were  signifi¬ 
cantly  different  for  the  two-  anJ  three-alternative  Items, 
no  different  for  the  two  methods  for  Items  offering  four 
to  seven  alternatives.  8.  Seven -alternative  Items,  with 
available  choices  laid  out  In  vertical  columns  and 
Indicated  by  checking  boxee  placed  In  front  of  the  choices, 
produced  a  chance  distribution  of  selections. 


Moaer,  Henry  M. ,  Dreher,  John  J. ,  O'Neill,  John  J. , 

Over,  lUrbert  J.  COMPARISON  OF  MOUTH,  EAR,  AND 
CONTACT  MICROPHONES.  AFCRC  TN  56-58, 

October  1956  (Revlaed  January  1958). 

A  first-order  differential  noise  cancelling  nr\icrophone 
(RCA  M-33/AIC),  and  selected  ear,  throat,  and  bone 
transducers  were  used  for  comparison  studies  in  various 
recording  and  listening  conditions.  The  noise  cancelling 
microphone  was  used  as  the  control  microphone  and  two 
simultaneous  recordings  were  made  for  each  of  three 
recording  conditions  (quiet,  100  db  and  111  db  noise)  for 
each  nf  the  four  comparison  microphones.  The 
recordings  made  by  trained  spealters  pronouncing 
Harvard  PB  words  in  quiet  and  noise  were  presented  to 
trained  listeners  in  quiet  and  noise. 

Under  nulet  listening  conditions  the  M-33  microphone 
was  generally  superior  to  the  other  microphones, 
although  the  performance  of  the  ear  transducer  and  the 
bone  conduction  oscillator  was  similar  to  that  ot  the  M-33 
under  quiet  recording  conditions. 

The  results  under  noise  listening  conditions  were  more 
tenuous  tut  they  Indicated  that  the  ear  transducer  was 
superior  under  all  three  recording  conditions  with  one  of 
the  throat  microphones  equalling  its  performance  under 
the  two  nutiie  recording  conditions.  A  variation  of  the 
noiee-cancelllng  microphone  mounted  in  an  oxygen  mask 
was  compared  to  the  ear  transducer  and  the  "esults  were 
similar  to  those  obtained  in  the  M-33  comparison  study. 

A  second  experimental  study  utilised  an  improved 
form  of  the  ear  transducer  and  the  M>33  microphone. 
Recording  at>i  listening  conditions  were  somewhat 
similar  to  those  employed  in  the  first  study.  Under 
quiet  listening  conditions  the  performance  of  the  M-3i 
microphone  excelled  or  equalled  that  of  the  ear 
transducer.  In  ambient  rov'm  noise  listening  conditions, 
performance  of  the  M-33  was  clearly  superior.  Under 
conditions  of  in-line  noise  (i.  e. ,  apparently  noise 
introduced  electrically  across  th>t  line  between  trans¬ 
ducer  and  output)  the  ear-transducer  was  superior  or 
equal  to  the  M-33  for  two  of  the  three  recording 
conditions.  However,  the  M-33  v/as  superior  to  the 
115  db  unise  recording  conditions  (not  clear  whether 
this  refery  to  ambient  acoustical  noise  in  the  environ- 
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m«nt  surrounding  the  microphone;  if  so,  this 
demonstrates  the  effectiveness  of  the  noise* cancelling 
feature.)  (Bibliography  of  16  titles) 

Moser,  Henry  M. ,  Dreher,  Joh.i  J.  OPERATIONAL  TESTS  OF 

MINIATURE  MICROPHONES  AND  RECEIVERS. 

AFCRC  TN  56-57,  October  1956. 

"The  primary  aim  of  the  operational  test  was  to 
compare  the  efficiencies  of  the  currently-used  M-33 
microphone  with  selected  ear  insert  and  bone  trans¬ 
ducer  in  conjunction  with  the  AIC- 10  communication 
system."  Substitutions  for  standard  AIC- 10  head¬ 
set  were  sought  to  relieve  problems  of  weight, 
discomfort  and  sanitation  encountered  in  hot-weather 
flight -training  operations. 

Proposed  substitute!  units  for  AIC- 10  (M-33) 
microphone  were  used  aboard  KC-^7  and  C-124 
aircrait.  Pilots  read  P3  lists  over  air-ground  UHF 
radio,  were  tape-recorded  at  ground  citation.  Tapes 
were  played  back  to  listening  panel  in  the  laboratory. 
(Note:  pilots  also  read  typical  "operational  messages" 
in  addition  to  PB  lists.)  M-33  microphone  produced 
statistically  superior  results  under  all  test  con¬ 
ditions,  as  compared  with  experimental  types  (Dyna- 
Empire  magnetic  insert  microphone  model  D-314 
and  Oyna-Eniplre  bone- conduction  model  B-36  pickup, 
positioned  respectively  in  the  ear-canalt  and  on  the 
skull).  PB's  were  played  to  'isteni'  r:  panel  in  quiet 
and  with  Injected  noise  additional  to  lUsI  on  the  tape; 
only  results  from  in-quiet  listening  are  reported. 
Listeners  N  =  10.  trained  for  30  hours  on  PB  lists, 
prior  to  tests. 

Second  experiment  investigated  substitution  of 
receivers  for  standard  AIC- 10  headset  foi  hot- 
weather  use.  This  headset  and  three  magnetic  ear- 
canal  inserts  (same  as  used  in  mirrophone  study) 
were  compared  by  flight  team  in  SA-16  aircraft.  No 
articulation  data  were  taken:  judgments  of  flight 
personnel  favored  lightweight  units  on  basis  of 
greater  comfort  with  no  loss  in  communication. 

Conclusions:  substitution  of  lightweight  ear- 
microphone/receiver  for  AIC- 10  is  considered 
(eusible  from  articulation  point  of  view,  and  advan- 


tageou*  from  hygltnic  nocosiity.  Work  it  in  progrttt 
to  utllist  ono  eor-canal  trnnsductr  for  both  trans¬ 
mitting  and  racalving,  without  aar  cushions  or  othor 
sound-proofing  to  attenuate  noise.  (Bibliography  of 
5  titles) 

Moser,  Henry  M.,  Dreher,  John  J. ,  Wolfe,  Susan  M. 
CONTRIBUTION  OF  STANDARD  SEQUENCE  TO  AN  AID 
DEFX3<1SE  TASK.  AFCRC  TN  56-73,  January  1957 

Typical  Air  Defense  surveillance  messages  were 
read  with  elements  in  standard  order  and  in  random 
order  to  two  groups  of  listeners.  Each  group 
practiced  logging  data  in  one  particular  type  of 
sequence  for  seven  hour-long  training  periods  at 
which  time  the  standard  and  random  orders  were 
interchanged  to  assess  the  performance  of  listeners 
on  an  unfamiliar  type  of  presentation.  A  final 
proficiency  test  consisting  of  extremely  rapid  telling 
of  messages  in  regular  order  was  administered  to 
both  groups  to  evaluate  the  two  types  of  trainii)((, 

Results  indicated: 

1.  When  using  standard  vocabulary  and  one  type 
of  message,  the  message  items  may  be  presented  in 
different  sequence  to  trained  groups  witliout  seriously 
affecting  reception. 

2.  Initial  results  produced  better  intelligibility 
scores  for  the  standard-ordered  material.  However, 
training  appeared  to  negate  this  original  ad''nntage. 

3.  Groups  trained  in  standard  and  randwi.. 
sequence,  respectively  showed  no  significant  Jiiference 
when  the  presentation  method  was  Interchanged. 

4.  Groups  trained  in  standard  and  random 
sequence,  respectively,  showed  no  significant  differ¬ 
ence  when  subjected  to  speed  tests  of  stsndard-ordered 
messages. 

Moser,  Henry  M.,  Dreher,  JohnJ.,  O  Neill,  John  J.  THE 
MASKING  OF  ENGLISH  WORDS  BY  PROLONGED  VOWEL 
SOUNDS.  AFCRC  56-74,  May  1957. 

One  hundred  and  ten  monosyllabic  words  selected 
from  the  Thorndike  list  of  1000  most  frequently 
occurlng  words  in  English  to  represent  equally  each  of 
the  10  vowels  were  presented  to  300  American  listeners 
in  an  articulation  test,  A>so  treated  were  72  spondee 


words,  half  ••l«ct«d  from  those  In  use  In  audlologicsl 
tests  and  half  from  those  in  frequent  use  in  air  traffic 
control,  further  to  represent  the  same  vowel  sounds. 
Masking  of  the  stimuli  was  accomplished  by  separately 
recording  each  of  nine  prolonged  vowels  intoned  by  a 
trio  of  male  voices. 

Results  indicate  that  vowels  of  equal  sound  pressure 
levels  differ  considerably  in  mtiskipg  effectiveness,  that 
words  containing  a  specific  vowel  are  not  masked 
optimally  by  the  stme  vowel,  and  that  spondees  are 
masked  by  prolonged  vowels  in  the  same  rank  order  as 
the  monosyllables. 

Prolonged  vowel  sounds  with  relatively  tiigh 
concentration  of  energy  between  700  and  1000  cps  are 
most  effective  as  masking  agents. 

Rank  order  correlation  of  observed  niasking 
effectiveness  with  masking  effectiveness  predicted  by 
the  Strassberg  method  in  .  S2,  the  HemneV  method  is 
.  59,  and  by  the  Plckett-Kryter  method  is  .  69, 

Some  observations  on  resistance  of  words  to 
masking  are  made  in  relation  to  phonemic  transition 
areas  within  words. 

Moser,  Henry  M. ,  Dreher,  Jotm  J,  ,  Oyer,  Herbert  J.  ONE- 
SYLLABLE  WORDS.  ATCRC  TN  55-56.  June  1957. 

Lists  the  monosyllabic  words  of  the  Lnglish 
language,  excepting  family  names  and  Oumes  of  race¬ 
horses,  Words  have  been  tabulated  aiphabetically 
according  to  vowel  sound,  with  Initlnl  and  terminal 
consonants  set  apart. 

Words  which  may  be  pronounced  as  if  containing 
t.vo  syllables,  although  spelled  in  one  syllable,  are 
specially  identified. 

Words  with  two  pronunciations  (dialectic  variants) 
arc  specially  identified. 

Words  which  are  entered  twice  due  to  fmal  sound 
of  R  and/or  initial  sound  of  Y  are  identified. 

Number-words  are  listed  only  where  pertinent  to 
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pronunciation  probUmc. 

Homophonoi  (■nmo  pronunelotlona  of  different 
epollinfe)  are  Hated  but  net  alwaya  duplicated  In  plural 
or  variant  verb  forme.  Certain  hemophenoua  ending- 
aeuad(e.g.(  -NS.  -NTS.  -NZ,  NOZ)  are  Hated  aa 
differentiated. 

Socially  unacceptable,  enotlc  dialectical,  and 
ebaelete  worda  and/or  pronunciation  a  are  emitted, 

Moaer,  Henry  M. .  Orehor.  John  J. .  Schwartakepf,  Lewla  J. 

AN  CAX-MOUTH  VOICE  TRANSDUCER.  AFCRC  TN  S7-54, 

July  17S7. 

An  ear-mouth  voice  tranaducer  haa  baen  exper 
mentally  fabricated.  The  device  operatea  with 
aufflclently  good  al^al-te-nelae  ratio  to  be  uaed 
without  elrcumaural  protection  In  the  nelae  flelda 
generated  operationally  by  preaent  Air  Ferre 
propeller-driven  aircraft.  A  email  magnetic  inaert 
tranaducer  coupled  to  a  cuatom-fltted  earmold,  a  abort 
length  of  aluminum  tubing,  and  a  email  plaatlc 
receptacle  forming  an  acouatlc  link  with  mouth-emitted 
apeech  operatea  both  aa  a  microphone  and  aa  a 
receiver. 

Spectral  meaeurementa  of  eelected  vowela  and 
coneonanta  are  preeented.  along  with  pickup  eharac- 
terlatlea  of  ambient  white  nolae. 

Articulation  reeulta  with  Harvard  PB  wnrdM  and 
trained  laboratory  Hatenera  ahow  that  worda  recorded 
In  90  db  of  ambient  white  nelae  are  identified  equally 
well  with  the  Air  Force  M/3J-AIC  and  experimental 
mlcrophonea  fabricated  by  thla  laboratory.  The 
comparatively  amall  margin  of  difference  between  the 
two  at  levele  of  100  and  106  db  Indlcatea  that  thev'  might 
be  operationally  equivalent.  Sentencea  recorded  In 
115  db  of  engine  nolee  reeulted  In  almoat  perfect 
acorea  with  both  the  M-SS  and  the  ear-mouth  device. 

Both  clvlHan  and  military  flight  operatlona 
carried  on  with  the  experimental  microphone- recelvera 
reaulted  In  aattafactory  communlcatlona.  A  aummary 
of  oplnlona  by  chief  Inatructor  pllota  at  the  Weat  Palm 
Beach  {MATS)  AFB  la  preaented, 

2S 


1 


Alao  racorded  are  some  suggestions  for  possible 
Improvement  of  the  device  for  future  development. 
(Bibliography  of  6  titles) 

Moser,  Henry  M. ,  Dreher,  John  J. ,  Schwartakopf,  Lewis  J. 

PHRASEOLOGY  OF  INTERNATIONAL  LANGUAGE  OF  THE  AIR. 

AFCRC  TN  57-51,  August  1957. 

Implications  of  the  International  Civil  Aviation 
Organisation  State  Letter  AN  7/38-514  in  regard  to 
changes  In  currently  authorised  radiotelephone 
procedures  are  discussed.  A  method  of  testing  compre¬ 
hension  of  air  messages  is  described,  and  the  results 
for  foreign  and  American  listeners  are  reported  along 
with  comment  of  a  seminar  composed  of  foreign  pilots 
and  language  Instructors  of  the  Air  Force  Ls'.guage 
School. 

Tests  Indicated  that  the  recotninended  full- 
sentence  forms  and  the  present  structures  in  use  are 
equivalent  for  conveying  the  meaning  r.r  ^ir  messages 
to  both  American  and  foreign  airmen. 

The  concensus  of  the  seminar  indicated  a  definite 
preference  for  the  brevity  and  clarity  of  the  presently 
authorised  telegraphese  structures,  and  opposition  to 
the  addition  of  words  and  expansion  of  sentence 
structures. 

Specific  suggestions  on  the  cholcn  of  words  and 
the  sentence  structures  are  included  tB.bliography 
of  4  titles. ) 

Moser,  Henry  M. ,  Dreher,  John  J. ,  Oyer,  Herbert  J., 

O'Neill,  JohnJ.,  Schwartskopf,  Lewis..  EXPECTATION  IN 

MESSAGE  RECEPTION.  AFCRC  TN  57-55,  October  1957. 

Listening  panels  of  foi-elgn  and  American  airmen 
were  given  printed  lists  of  monosyllabic  words, 
polysyllabic  words,  and  air  traffic  Instructions. 

Their  task  was  to  decide  whether  these  printed 
messages  agreed  or  disagreed  from  correspondingly 
numbered  aural  messages  which  were  presented  in 
noise  (S/N  =  -2  db).  Results  Indicated  that  under 
good  listening  conditions,  both  foreign  and  American 
listeners  were  Influenced  by  suggestion  regarding 
the  probable  amount  of  message  agreement  and 


disagreement.  Listeners  could  err  by  (1)  Isiling  to 
identify  matching  signals,  and  (2)  failing  to  discriminate 
between  disagreeing  signals.  In  ail  conditions  of 
exception  it  was  more  difficult  for  subjects  to  determine 
when  the  messages  were  dissimilar.  Magnitude  of  both 
error  types  tended  to  increase  the  length  of  the.  message; 
sentences  were  more  subject  to  error  than  polysyllabic 
words,  and  polysyUaUos  more  than  monosyllables. 
Apparently  the  criteria  of  listener  Judgment  shifted  when 
the  subject  was  concerned  with  different  lengths  of 
message.  Foreign  airmen,  although  more  experienced 
in  listening  to  radio-telephone  messages,  showed  more 
errors  in  each  type  of  tegt  material.  American  airmen, 
although  less  experiencod  in  listening  to  radio>telephons 
messages  showed  fewer  errors  in  each  type  of  material 
than  foreign  airmen,  suggesting  the  effect  of  secoix  j 
language  Influence.  Foreign  students  (airmen)  con* 
sidered  to  be  advanced  in  ^glish  proficiency  were 
more  accurate  in  discrimination  and  identification  than 
those  classed  as  having  only  basic  proficiency  in 
English. 

Moser,  Henry  M..  Drcher,  John  J.  LETTER-DIGIT 

INTERACTION.,  OSURF  Project  Report  no.  8. 

February  1958. 

From  Conclusions: 

Modified  ICAO  alphabet  when  tested  with  beth  the 
standard  and  apeciel  digit  pronunciation  ('  *  TREE, 

9  s  NINER,  5  =  FIFE)  performs  almost  as  well  as 
when  tested  alone. 

ZERO  has  higher  articulation  value  and  lower 
confustbility  than  OH,  la  the  spoken  digit  system 
tested. 

THREE  and  FIVE  are  superior  to  TREE  and  FIFE; 
NINE  and  NINER  are  equally  effective.  Moat  serious 
digit  confusions  'nvolve  2.  3,  and  6. 

Moser,  Henry  M. ,  Kirkconnell,  Thomas  W. ,  Wolfe,  Susan  M. 

AN  INTERIM  REPORT  ON  INTERNATIONAL  LANGUAGE  FOR 

AVIATION.  AFCRC  TN  57-83,  April  1958. 

An  earlier  version  of  this  material  was  prepared 
to  del  end  the  U.S.  point  of  view  that  existing 
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t«ltgraph*a«  proccdurts  should  bo  •impllfitd, 
condonsod,  and  lacorporotod  Into  a  minimum 
morphological  and  syntactical  bast.  That  version  ^vas 
circulated  among  mtmbtrs  of  tho  ICAO  Radlottltphony 
Spotch  Pantl  and  had  some  inlluimct  in  the  docision 
to  rocommtnd  tho  phrastology  over  that  of  full 
sontoncts. 

Tho  matorial  in  tho  prosont  roport,  which  In- 
corporatos  suggoatlons  madt  by  tho  Spotch  Pantl,  has 
boon  rtvistd  to  prestnt  a  logical  bast  for  the 
standardiaation  of  prosont  and  futuro  ILA.  Ths  aim 
has  boon  to  dlscovtr  tho  fundamontal  princlplts  ustd 
in  radlo-ttltphono  commuricatlon,  and  to  tstablish 
rults  which  will  facilitato  ttachlng  and  which  can  bo 
followtd  to  formulato  phrastologits  that  havr  not  yot 
boon  dotormlnod.  In  short,  it  proposts  rults  for  an 
Inttraational  Language  for  Aviation, 

It  is  hoped  that  this  report  will  bo  studied 
carefully,  and  that  constructive  crlticisnn  will  be  made 
by  thoat  vitally  concerned  so  that  the  final  ILA  will 
be  acceptable  to  American  pilots  and  groxind* station 
operators.  (Bibliography  of  S  titles) 

Table  on  Page  9  compares  U.K.  Complete 
Sentence  B/T  Procedures  with  ILA  Telegraphese. 

Moser,  Henry  M.,  Oyer,  Herbert  J. ,  Wolfe,  Susan  M. 

THE  BELATICB4SHIP  OT  PHONETIC  ST»l’'rrU»C  TO  THE 
INTELUOIBIUTY  OF  WOBOt  tlMULTANEOOSLY 
BECOBOCD  AT  EAB  AND  UPS.  AFCBC  TN  Sd-94, 

April  1998. 

Previous  study  has  shown  that  srhen  speech 
.ii\;nals  were  recorded  at  llpe  and  left  ears  of 
!ipeakert,  and  fed  to  headsets  of  trained  listeners 
St  specified  S/N  ratios,  signals,  origin  ear,  were 
•  igntflcantly  more  Intelligible  than  signals,  origin 
lips.  A  comparative  analysis  is  made  of  phonetic 
elements  of  listener  response  to  speech  slgnale. 
origins  ear  uid  lips,  elicited  la  Uie  earlier  study. 
Listener  responses  totaled  72,  (KH).  Listeners 
highly  trained  on  fifty  words  tend  to  restrict 
substitute  tesponses  to  srords  wlthui  the  list  for 
signals  of  both  origins.  Fewer  substitutions  of 
words  from  outside  the  original  list  occur  as 


noise  in  the  listening  condition  becomes  more 
destructive.  Substitutions  remain  relatively  constant 
between  origins  through  S/N  ratios.  Omissions  for 
stimuli,  origin  lips,  increase  more  rapidly.  Number 
of  sounds  in  the  test  stimuli  had  no  differential  effect 
on  intelligibility  when  related  to  origin.  The 
frequency  of  occurrence  of  two,  three,  four  and  five 
sound  word  substitutes  is  in  almost  complete  agreement 
with  frequency  of  occurrence  of  two,  three,  four  and 
five  sound  words  in  the  test  list. 

Analysis  of  intelligibility  errors  relative. to  vowels 
and  dif^thongs  in  the  test  list  revealed  t^t  words 
containing(^^ 

intelligible  from  origin  car,  than  origin  Tips  through 
S/N  ratios.  (Bibliography  of  15  titles) 

Moser,  Henry  M.  .  O'Neill.  John.  Adler.  Sol.  NUMTKR 
TELLING  METHODS.  AFCRC  TR  58-55,  July  1958. 

Methods  of  telling  one-,  two-,  three-,  and  lour 
digit  numbers  were  tested  with  American  and 
foreign  speakers,  and  American  listeners.  Speakers 
were  equally  distributed  male  and  female 
representatives  of  the  major  American  dialects,  and 
foreign  nationals  of  English,  French  and  Spanish 
origin. . 

When  Americans  tranauiitted  to  Americans  riurlng 
adverse  listening  conditions,  the  following  ..in.>le  digit 
pronunciations  were  statistically  superior: 

(0)Z£-£Q.  (1)  UH-WUN.  (3)  XfcL-B-£EL(6)  SLY. 

SIXER.  &U11..SIB.  end  (7)  SEV-VEN.  Those 
pronunciations  which  showed  no  difference  were 
(2)  too.  Jluh-Jisifi,  .Ijiii-Jlaa,  (4)  four,  fo-wer.  fuh-four. 

ilYftj  (8)  jiiL  JlcAlL  siter.  and  (9)  nine 
OL'YCIL.  JUOUXt  nuh-nlne. 

When  foreign  speakers  transmitted  to  Americans 
during  adverse  conditions  (listening)  the  following 
single  digit  pronunciations  were  statistically 
superior:  (0)  xs-ro,  aero.  (2)  too,  tuh-too.  (4)  four. 
(9)_Ii-l-ix.  five.  (6)j^2L  sixer.  (8)  aJJ.  a- alt.  All 
other  pronunciations  showed  no  differences. 

When  transmitting  two-,  three-,  or  four-digit 
number",  all  speakers  were  more  intelligible  with 
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th«  tclllnf  mathod.  This  msthod  was 

statistically  superior  (or  ovary  phase  ol  the  study  with 
the  sscapdon  ol  two-digit  number  telllag  In  the 
Amerlean^Amerlcaa  communication  set. 

Moser.  Henry  M. .  O'Neill,  John  J. ,  Wolfe.  Susan  M.  TESTS 
or  THE  AURAL  COMPREHENSION  OF  ENGLISH  BY  FOREIGN 
STUDENTS.  AFCRC  TR  91- S7.  August  195S. 

Parts  of  two  tests  of  Aural  Comprehension  of 
English  lor  foreign  students  were  administered  to  forty- 
four  foreign  students  representing  29  natleoallt* as  and 
varying  backgrounds  in  Ibigllsh.  All  of  the  students 
were  post  graduates.  The  tests  used  were  The  Lado 
Test  ot  Aural  Comprehension,  Form  C,  and  The  MDAP 
Englleb  Freflclency  Enamlnatloo,  Form  B.  thirty 
orally-presented  Items  were  given  from  the  MDAP 
test  and  40  from  ths  Lado  Teat. 

The  data  were  analyaed  la  terms  of  the  differences 
between  mean  scores  Utest)  and  a  prr>dtict  .moment 
correlation  (x)-  The  results  of  the  1  test  indicated 
significant  dllferences  between  the  two  tests.  This 
might  be  accounted  for  by  the  differences  la  numbers 
of  items  presented  on  each  teat  as  well  as  the 
difference  to  performance  levels  for  each  test  as 
established  by  native  speakers  of  English.  The 
statistical  evaluation  of  g.  tadlra'od  the'  tnere  was  a 
significant  relationship  between  scores  or.  the  two 
tests. 

The  MDAP  test  deals  more  eatensively  with 
military  vocabulary  than  does  the  Lado  but  they  are 
both  capable  of  evaluating  the  aursl  comprehension 
of  foreign  nationals.  The  Lado  test  Is  less  time- 
consumtof  end  would  probably  be  preferred  when 
technical  language  evaluation  Is  not  Important. 

Nattenaltttes  testedi  Chile,  China,  Colombia, 
Cacchoslovakta,  Ecuador,  France.  Germany,  Greece, 
Lebanon.  Meatco.  Pakistan,  Peru,  Puerto  Blco, 

Spain.  Thailand,  Turkey.  Ouatemala,  India, 
todonesta,  Ira^,  Japan,  Jordan.  Korea,  Latvia,  Iran. 

t  s  I.  02  B  df  ’  42;  =  .  941,  significant  0  .01 

level  for  boto 
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Meter,  ’^•nry  M. ,  O'NciU.  John  J. ,  Oy#r,  Herbert  J.  , 

Wolfe,' Suien  M. ,  Abcmethy,  Edward  A. , 

Schow*.  Ben  M.  ,  Jr.  HAND  SIGNALS:  FINGER-SPELLINC . 
ATCBC  TR  S8--S4,  Augnat  19S8. 

Thla  atudy  examinee  the  poasibllitea  c!  uaing  the 
linger  •epelltng  alphabet  of  the  deil  as  a  a'appler.irntary 
m^um  of  communlcatiQO  in  high  \ev«*l  nolee  and/or 
oth«>r  athiatloaa  where  voice  communlcatlens  are  not 
desirable  or  effective.  A  history  of  finger-spelling 
is  included. 

Twenty- four  deaf  atndents  were  used  as  subjects 
for  the  intelligibility  testing  ol  nonm jaAlngful 
alphabet  triple' i  under  cendttlons  of  artifieiai  lte:i.ai| 
and  natural  lighting.  The  two  senders  were  very 
fenniltar  witit  the  finger-apelltag  alphabet  and  known 
by  the  subjects. 

Results  indicated  that  distance  between  the  sender 
and  the  receivers  or  observers  was  the  prime  t'actor 
affecting  intelitgibility.  At  12$  feet,  the  greatest 
distance  tested  with  the  entire  group,  the  average 
inteUlgibllity  as  17.  4%.  This  ted  to  subsequent 
testing  with  10  selected  ''better"  readers  at  more 
extreme  distances  both  under  artificial  lighting' 
conditlQsis  and  outdoor  testiag.  At  2$3  feet,  «he  five 
best  obeervers  still  performed  at  better  than  $9%. 
Outdoors  the  average  per  cent  intelltglbll'  y  was 
higher  than  for  the  correspondiAg  distance  indoors 
and  the  average  iKtelllgibillty  was  above  at  $00 
feet. 


Under  all  coodittons  of  testing  thare  wtrr 
iendenctee  for  certain  letters  to  receive  more 
suaetitutioAs  and  oUier  letters  to  be  htgrily  confused 
with  a  wide  verlety  of  letters. 

In  generel,  the  Intelligibility  of  slphebet  letters 
wee  high  eacugh  et  such  dietarces  at  17$  to 
Indicate  poeeibiltties  of  using  the  finger- cpeilUig 
alphabet  at  e  means  of  supplementing  cr  clerifylng 
present  hand  slgnats  now  in  uta. 


$4 


Mositr,  H*nry  M.  ,  O’Neill,  John  J.  .  Oyer,  Herbert  J. , 

WoUe,  Sueen  M. ,  Schowe,  Ben  M. ,  Jr.  A  SURVEY  OF 
FLiaHT-LINE  HAND  SIGNALS.  AFCHC  TN  58-57, 

Septen^ber  1958. 

SUMMARY: 

This  report  le  eeeentlelly  e  collection  and  prelimi¬ 
nary  eureey  of  hand  eigaal*  used  by  flight  line 
pertonnel.  Twe  Air  Force  publications  were  used  as 
pictorial  and  descriptive  sources  and  visits  were 
made  to  an  Air  Force  Base,  a  Naval  (air)  station,  and 
an  aircraft  factory.  Photographs  were  taken  of  hand 
signals  previously  represented  in  publications  by 
drawings.  Medlficationa  of  these  signs,  n.-w  signs, 
and  variations  on  the  signs  by  a  deaf  man  are  also 
shown  in  photographs. 

Recommendations  are  made  for  further  surveys 
and  a  pocket  manual  of  photograpne’i  si^ns  (also 
recommends  training  ftlm.l. 

Moser,  Henry  M.  STUDY  OF  RADIOTELEPHONE  VOICE 
PROCEDURES  AND  RELATED  RESEARCH. 

AFCRC  TR  58-51.  50  September  1958. 

Summartaea  activity  and  findings  for  period 
t  December  1955  to  50  .September  1958  Lists  15 
members  of  stsJf  employed  for  var  'mg  periods 
during  this  lime.  11  reports  of  reseafvh  (with 
abstracts  of  each).  Outlines  projecieu  pians  for 
future  research  indicated  by  military  interests  l-"> 
four  sub)ect-areas  (ear  speech,  development  of 
training  procedures,  training  aids  for  teaching 
hand-signals,  pre-  and  post- stimulation  of  foreign 
ILA  users). 


Moser,  Henry  M.  THE  EVOLUTION  AND  RATIONALE 
OF  THE  ICAO  WORD  SPELLING  ALPHABET. 

AFCRC  TN  59-54,  July  1959. 

The  development  of  the  word-spelling  alphabet  is 
traced,  and' research  methods,  and  findings  wluch  led  to 
tht  recommendation  of  the  ICAO  alphabet  as  an  optimun 
list  for  international  commvmications  are  summarized. 
Questions  regarding  the  desirability  and  efficiency  of 
the  new  alphabet  are  discussed,  with  the  view  to 
presenting  what  the  alphabet  intends  to  accomplish. 

Some  two  hundred  {2t)0)  word  alphabets  of  the  world  are 
appended. 

Moser,  Henry  M.  ,  Oyer,  Herbert  J,  ,  Fotheringharn,  Wallace  C.  , 
O'Neill,  John  J. ,  Wolfe,  Susan  M.  THE  EFFECT  OF  AUDITORY 
STIMULATION  ON  THE  PRONUNCIATION  OF  ENGLISH  WORDS 
BY  NON-NATIVE  SPEAKERS.  AFCRC  TN  59-56, 

September  1959. 

Pronunciation  of  English  words  by  foreign 
nationals  before  and  after  auditory  stimulation  was  rated 
by  experienced  judges  and  tests  for  intelligibility  with 
panels  jf  native  American  listeners.  In  general,  auditory 
stimulation  substantially  improved  pronunciation  and 
intelligibility;  it  therefore  appears  to  warrant  further 
study  as  a  means  tor  improving  communication  among 
mony-language  groups.  Nationalities  of  sneakers; 

Chinese,  French,  Guamanian,  Indian,  J&p?rie?-*,  Polish, 
Russia.^,  Slovakian.  Intelligibility- rating  j\sdges  N  =  2; 

1  epeaker  of  each  nationality;  intelligibility-test 
listener  panels  N  =  15  to  30. 

Intelligibility  rating  scale:  1,  not  intelligible; 

2.  difficult  to  follow  in  conversation  (recognizable 
through  familiarity  but  doubtful  ■Df  recognition  alone); 

3.  intelligible  but  some  distortion;  4.  highly 
intelligible  -  no  distortion. 

Moser,  Henry  M.  ,  Dunham,  Robert  E.  ,  AN  EXAMINATION 
OF  THE  SPOKEN  VOCABULARY  USED  IN  AIR  TRAFFIC 
CONTROL.  AFCRC  TN  59-73,  November  1969. 

Word  counts  were  made  of  air  traffic  communi¬ 
cations  at  three  domestic  and  two  international  airports 


loc&tsd  in  high-traffic  arffas  in  the  United  States.  Consecutive 
segments  of  two-way  radiotelephone  messages  were 
analyzed  for  type-toVen  ratios.  Pilots  and  controllers  use  a 
very  limited  basic  vocabulary.  Although  there  are  similarities 
in  the  vocabularies  employed  in  Tower,  Ground  Control,  and 
Approach  Control,  there  are  characteristic  differences.  In 
general,  there  are  more  differences  between  tlje  several 
control  facilities  of  one  airport  than  among  the  vocabularies 
of  the  same  control  facility  at  different  airports  (Bibliography 
of  lli  titles). 


Note:  from  conclusions,  cardinal  numbers  comprise 
18.  6%  of  ATC  vocabulary  (spoken).  For  Approach  Control, 
numbers  comprise  22.  5%;  Ground  Control,  11.  4%;  Tower 
Control  (also  designated  Airport  Control,  6.  7%.  TTR's 
and  decremental  TTR's  (over  successive  50C  -  r.nd  100  word 
samples)  were  found. 

Moser,  Henry  M. .  Oyer,  Herbert.!.,  Fotheringhum,  Wallace  C. 

ORTHOGRAPHIC  REPRESE3NTATIONS  OF  THE  ENGLISH 

PRONUNCIATION  AS  AN  AID  IN  TEACHING  ILA. 

AFCRC  TN  59-75,  December  1959. 

Specially  devised  orthographies  in  Chinese,  Dutch, 
French,  German,  Italian,  Japanese,  Korean,  Spanish  and 
Thai  were  consU acted  for  a  list  of  common  English 
aviation  words  as  an  aid  to  their  pronunciation  by  foreign 
nationals.  Those  prepared  for  German.  Japanese,  and 
Spanish  were  employed  with  native  speakers  of  these 
three  languages  at  the  A.  F.  Language  School,  Lackland 
AFB,  Texas.  It  was  found  that  for  each  of  these  three 
groups,  the  specially  designed  orthographies,  with  or 
without  the  additional  aid  of  auditory  stimulation,  resulted 
in  significantly  more  intelligible  pronunciations  than  the 
reading  of  these  aviation  words  from  only  a  printed  list. 
Additionally,  each  individual  speaker  in  this  study 
improved  the  intelligibility  of  his  pronunciations  when 
aided  by  the  appropiiate  ortiiugraphy.  The  comparative 
value  of  orthography  alone  vs,  orthography  plus 
auditory  stimulation  varies  considerably  among  language 
groups.  The  average  improvement  would  make  a 
distinguishable  difference  in  the  air  traffic  communication 
setting,  500  words  (aviation  H/T)  25  phrases  (ATC). 
Supplement  (no  1)  dated  November  1961  (AF19(604)-6179) 
adds  Greek  orthography  of  same  material;  no  test  data. 


Contract  AF19( 604)  6179 

Moser,  Henry  M. ,  Oyer,  Herbert  J.  , 

Fotheringhani,  Wallace  C. ,  Henderham,  Robert  C. 
DISCRIMINATION  AMONG  FOREIGN  NATIONALS. 

AFCCDD  TN  60-39,  September  1960. 

Test  of  ability  to  discriminate  between  vowels 
spoken  by  General  American  native  speakers  (N  =  4). 
responding  by  S  for  same,  D  for  different,  was  tape- 
recorded  and  presented  to  133  S's  representing  Italian, 
Iranian,  German,  Vietnamese,  Japanese,  Spanish 
language  groups  and  176  Native  U.S.  ,  S's.  Conclusions: 

(1)  Use  of  vowel-discrimination  test  is  advisable  in 
assessing  the  competence  of  foreign-background  students 
of  English  and  indicating  needs  for  special  instruct'.on; 

(2)  improvement  in  English-language  competence  can 
be  expedited  for  foreign-language  natives  by 
intensive  instruction  in  phonetics,  along  lines  revealed 
by  response-patterns  obtained  in  this  study;  it  is 
hypothesized  that  such  instruction  would  (s) 
significantly  increase  familiarity  with  word  patterns, 
and  (b)  break  down  previous  ambiguities  in  English 
vowel  discrimination  associated  with  the  native 
foreign  language.  It  is  recommended  that  such  a  test 
at.  used  for  this  study  be  used  in  successive 
administrations  to  diagnose  particular  vowel- 
discrimination  troubles,  and  as  a  measure  of  progress 
in  acquiring  English. 

Moser,  Henry  M.  ONE-SYLLABLE  WORDS,  REVISED  AND 
ARRANGED  BY  ENDING  SOUNDS.  AFCCDD  TN  6^- ‘>8, 
Novemoer  1960. 

Revision  and  extension  of  AFCRC  TN  55-56. 

First  paragraph  of  Introduction; 

"This  report  presents  a  systematic  listing  of  the 
monosyllabic  words  in  American  English  according  to 
their  ending  sound.  It  represents  a  complete 
revision  of  One-.Syllable  Words,  .  FCRC  TN  55-56, 
in  that  all  words  have  been  re-examined,  errors 
have  been  corrected,  a  few  words  have  been  deleted, 
and  a  number  of  new  words  have  been  added.  The 
summary  charts  have  been  revised,  and  charts  of  the 
beginning  and  ending  sounds  with  the  individual  vowels 
and  diphthongs  have  been  added.  Some  changes  have 


38 


been  made  in  the  efrction  on  Incluiioni,  Exclusions  ^nd 
Qualifications.  For  the  most  part,  the  two  reports 
supplement  each  other;  the  t^arlier  report  presents  an 
arrangement  according  to  the  beginning  consonant  sounds, 
the  present  work  according  to  ending  sounds," 

Moser.  Henry  M. .  Fotheringham,  Wallace  C.  NUMBER  TELLING. 

AFCCDD  TN  £0-40.  December  1960. 

Intelligibility  and  confuaabillty  values  of  16  variants  of  the 
English  digits  were  studied  in  sufficient  noise  to  produce 
about  50  per  cent  error.  Ten  speakers  representing  five 
different  native* language  backgrounds  spoke  the  English 
digit  variants  to  approximately  250  American  listeners. 

The  study  provided  21,  540  responses  to  each  digit;  about 
half  of  these  were  responses  to  stimuli  which  baa  been 
filtered  above  2800  cps. 

Results  reveal  a  quite  stable  order  of  digit  intelligibility 
which  was  5,  1,  7,  0,  6.  4,  9,  8,  1,  and  5.  Of  the 
variants,  THREE  and  FREE  were  equally  intelligible  and 
significantly  be*^ter  than  ZERO,  FOWer,  FIFE,  AND 
N^er,  respectively.  FIFE  wae  somewhat  superior  to 
FIVE  for  speakers  whose  native ‘language  was  Spanish. 

Ihe  difference  between  filtered  and  ttnfiltered  signals 
was  statistically  significant  but  hardly  of  practical 
importance.  The  digits  (3)  and  (0)  were  the  moet  trequent 
subatitutions  for  other  digits;  (5)  and  (9l  were  the  least 
frequently  confused.  At  least  one  significant  confusion 
exists  for  each  of  the  digits.  No  digit  e/r.ids  being  a 
oignificatit  confusion  for  at  least  one  other  digit. 

Variants  of  the  same  digit  tend  to  1  e  assuclatpd  with  the 
same  coniuaion  (Bibliography  -  S  titlisl 

Newman,  Anthony  K.  A  LABORATORY  STANDARD  SIGNAL-TO  - 

NOISE  EQUALIZER.  AFCCDD  TN  60-59,  December  1960. 

An  electronic  instrument  for  establishing  and  maintaining 
speech-to-noiee  relationships  for  axxdltory  research  is 
described,  with  detaileo  Instructions  for  constructing, 
calibrating  and  using.  Five  circuit  diagrams,  three 
photographs.  (No  bibliography) . 


Mottr,  Ksnry  M.  ,  Michel,  John  F. ,  Fotheringham,  WelUce  C. 
INTELLIGIBILITY  AND  CONFUSABILITY  OF  VOWELS  AND 
DIPHTHONGS  UNDER  VARIOUS  CONDITIONS  OF  QUIET  AND  NOISE. 
AFCCDD  TN  61-33.  March  1961. 

Sixteen  common  voweU  end  vowel-diphthonge  of  Englieh 
(H£,  HIT,  hay.  H£CK,  HAT,  HQT,  HAJEH.  HyT,  HGfi, 
HQE,  HQQK.  WHQ,  HIGH.  HQF.  HQIST,  HU£)  were 
recorded  by  four  mele,  four  female  speakere  of  General 
American  dialect  background.  Each  epeaker  recorded 
five  randomly- arranged  i'ete  of  the  16  sounds,  totaling  80 
sounds  per  speaker.  Resulting  tapes  were  played  over 
earphones  to  h  pnuiel  of  six  phonetically  trained  (graduate- 
student)  listeners.  under  five  $/N  conditions:  noise-free 
- 10  db,  -6  db,  - 1  db,  e  2  db,  +6  db.  Listeners  were 
required  to  identify  sounds  in  written  symbol  form.  r<.ita 
were  analysed  to  determine:  (1)  differences  in 
intelligibility  of  isolated  vowels  and  diphthongs  at  low 
intensities  and  relatively  difficult  S/N  ratios;  (2)  rank- 
order  of  vowels  and  diphthongs  re:  IntelligibiUtv  In 
quiet  and  in  noise;  (3)  stability  of  inlelllglbllity  rank- 
order  as  function  of  successive  increase  in  stimulus 
Intensity;  (4)  effect  of  talker  variance  on  stability  of 
intelligibility  rank-order;  (8)  effect  of  talker  sex  on  same; 

(6)  vowel  and  diphthong  confusions  under  quiet  and  noise; 

(7)  reverssbility  or  reprocity  of  confusions. 

(Bibliograply  =  17  titles) 

Moser,  H.  M. ,  Fotherlngham.  Wal’sre  C.  ,  and 
Henderhahn,  Robert  C.  SINGLE- VOWEL  INTELLICT'ilMTY 
TESTS.  AFESD  TN  61-39.  March  1961. 

Two  studies  are  reported  in  which  lists  of  words  and 
Myllabli’s.  each  constructed  around  a  single  vowel,  were 
comntired  with  PB  word  lists. 

In  the  first  study,  three  speakers  recorded  the  four 
W-22  PB  lists  and  eight  different  single-vowel  lists 
which  were  phoneticully  balanced  according  to  the 
distribution  of  consonants  in  Elnglish  monosyllables 
(VPB  lists).  Three  hundred  fifty-eight  (358)  Army 
R07C  students  listened  to  representative  PB  and  VPB 
lists  in  white  noise.  It  was  found  that  ( 1)  VPB  lists 
are  more  representative  in  respect  to  syllabic  types  of 
English  monosyllables,  (2)  VPB  lists  differ  significantly 
in  intelligibility,  end  (3)  VPB  lists  are  more  difficult, 
and  are  more  eftectivc  in  indicating  differences  in 
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IntelligibtUty  bctwem  ap«ak«r>,  than  the  W-22  lists. 

In  the  second  study.  <0  sir* traffic  controllers  were 
tested  with  (a)  an  expanded  aingle*vowel  word  list  composed 
of  different  beginning  and  ending  consonants  and  consonantal 
combinations  present  in  English,  (b)  syllabic  lists  derived 
from  word-halves  of  the  same  vowel  list,  and  (c)  Harvard 
PB  list.  The  word  and  syllabic  lists  were  transcribed  by 
a  phonetically  trained  panel  at  S/N  ratios  of  -f  15  and  <*■  18  db 
respectively.  It  was  found’ that  111  the  expanded  single¬ 
vowel  list  is  much  more  difficult  than  the  PB  list,  (2) 
syllabic  lists  are  reasonably  accurate  predictors  of 
consonantal  errors  in  words  of  which  they  are  a  part,  and 
(3)  syllabic  lists  uid  the  PB  lists  are  not  highly  related  as 
indices  of  intelligibility.  Furthermore,  the  syllable  lists 
appear  to  provide  an  instrument  of  tremendous  potential 
for  diagnosic  testing  and  training  purposes.  (Bibliography  = 
7  titles.  Introduction  suggests  possible  applications; 
testing  communir  .tion  eqpt. ,  speaker  intelligibility, 
auditory  discrimination  of  listeners,  trdui»ii)i»»lon 
efficiency  of  (rnmplete)  communication  systems.  Might 
also  use  monosyllables  with  different  beginning  It  ending 
consonants  to  test  intelligibility  and/or  auditory 
discrimination  of  foreign  nationals  t^on-Ehtglish  speaking). 
Might  be  useful  tool  in  examining  phonemic  distortions 
due  to  for -^ign-ianguage  accents  imposed  on  English,  for 
both  research  and  diagnostic  purposes. 


Mosev,  Henry  and  leon,  flerrs.  *  THE  RECOGNITION  OP  FRENCH 
VOWELS  BY  AMERICAN  LISTENERS.  AFCCOr  TN  61-42, 

April  1961. 


The  effect  of  a  French  accent  on  the  intelllgiUillty  of 
Elngllsh  one-syllable  words  was  studied  to  predict 
probable  error  in  voice  communication  from  French 
speakers  to  American  listeners. 

It  was  found  that  (1)  French  sounds  cannot  be  presumed 
to  be  equivalent  to  those  of  English,  (2)  certain  errors 
can  be  predicted  when  the  French  phonetic  pattern  is 
substituted  (or  English,  (3)  single  vowels  are  less 
Intelligible  than  diphthongs  pronounced  as  separate  sounds, 
and  (4)  special  care  must  be  takra  in  teaching  the  English 
voweisQj^M.m  -ndp^ 

speakers  wHCse  native  longue  is  French  iScvon  references). 
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Moser,  Henry  M. ,  Gardner,  Harvey  J.  INFLUENCE  OF 
CONSONANTS  ON  THE  RECOGNITION  OF  THE  VOWELS  Cu]  AND 
CO  -  A  STUDY  OF  INTERNATIONAL  PRONUNCIATION  FOR  TWO 
AND  THREE.  AFESD  TN  61-38.  May  1961. 

Thirty  native  speakers  of  five  different  language  »oups 
recorded  178  CV  and  VC  stimuli  containing  the  vowels  [0 
and  CO  •  ‘I'cn  Americans  listened  to  different  randomizations 
of  the  stimuli  at  three  signal-to-noisc  ratios.  The  data 
were  analyzed  for  generalizations  regarding  consonantal 
characteristics  that  contribute  significantly  to  recognition 
of  the  vowels  C^J  >nd  with  a  view  to  selecting  the 
most  recognizable  pronunciations  for  the  digits  TWO  end 
THREE. 

Five  experimental  questions  tested  by  analysi*  >:i 
variance  revealed: 

1.  Consonants  differ  in  their  influence  on 
recognition  of  the  adjacent  vowel;  however,  the?"  differences 
vary  with  each  combined  effect  of  the  vowel,  lit’mitl-as  form, 
and  language  group. 

2.  The  effect  of  recognizability  of  consonants  on 
recognition  of  the  vowel  depends  upon  the  particular  vowel, 
stimulus  form,  and  language  group.  Consonants  of  high 
recognizability  tend  to  be  assoicated  with  lower  error 
scores  for  £ij  ;  an  opposite  but  le:.s  consistent  tendency 
is  observed  in  the  [uj  data 

3.  Single  consonants  do  not  differ  significantly  from 
consonantal  combinationv*  for  most  combination!*  of  vowel, 
stimulus  form  and  language  group, 

4.  The  effect  r,)  ccnsonantal  position  is  non¬ 
significant. 

5.  The  effect  of  :onsonBntal  voicing  tentU  to  be 
significant  for  Lul  and  non  significant  for  ^Ij  .  Lower 
error  scores  forn|[u^  arc  associated  with  voiceless 
consonants  for  each  language  group  except  Latin- American 
Spanish.  An  opposite  but  non -significant  tendency 
appears  for  ^i  J  . 

The  conclusions  suggest  that  the  intelligibility  of 
TWO  aind  THREE  can  be  iniproved  by  the  substitution  of 
more  recognizable  onsona.its.  Bibliography- three  titles. 


Moser,  Henry  M. ,  Fotheringhem,  Walluce  C. , 

GonzaUz,  GullUrmo  A.  AN  ANALYSIS  OF  THE  PURPOSES  OF  AIR- 

TRAFFIC  -^CONTROL  MESSAGES.  AFESO  TN  61-40,  May  1961. 

A  aampla  of  8,  861  air  traffic  control  maasagas  from 
Idlawlld,  Miami,  Mexico  City,  and  Accra  (Ghana)  air- 
traffic  control  fac'ilitias  ware  transc^^ibad  from  tapes. 

From  an  analyaia  of  communication  context,  the  purposes 
of  the  massages  ware  inferred  and  categorised.  Of  this 
larger  sample,  representative  subsamples  from  each 
facility,  totaling  873  messages,  were  selected  for  further 
analysis  of  message  length  and  origin. 

The  findings  support  the  following  conclusions: 

1.  The  domin.tnt  message  purposes  of  traffic 
controllers  involve  regulation,  control,  instruction,  and 
advice;  pilot  mesaages  emphasise  acknowledgment, 
confirmation,  request,  and  provision  of  nondirective 
information. 

2.  Air-traffic  controller  messages  are  significantly 
Itmger  and  occur  less  frequently  in  R/T  communication 
than  pilot  messages. 

3.  Air-traffic  controller  messages  are  about 
equal  in  message  length,  while  pilot  messages  vary  and 
are  shortest  in  airport  control  communication. 

4.  American  facilities  employ  a  ;  rvwter  proportion 
of  messages  concerned  with  aircraft  position,  while 
foreign  (i.  e. ,  non-U.  S.)  facilities  employ  a  greater 
proportion  of  readbacks  and  acknowledgments. 

5.  Air-traffic  controller  messages  are  significantly 
longer  In  foreign  facilities  than  in  American  (aclllties. 

6.  Nonroutine  and  negative  statements,  and  requests 
for  message  repetition  occur  quite  infrequently  at  all 
facilities  sampled.  (Three  references). 

Moser,  Henry  M.  ,  Foiheringham,  Wallace  C. . 

Gonaalea,  Guillermo  A.  VARIANCE  IN  THE  RATE  OF  SPEAKING 

BY  PILOTS  AND  CONTROLLERS  IN  COMMUNICATING  TO  U.S. 

AND  FOREIGN  LISTENERS.  AFESD  TN  61  -41.  August  1961. 

"It  was  the  purpose  of  this  study  to  examine  recordings 


43 


of  ■p«ak«ri  -  pilots  snd  controlltrs  -  both  st  forslgn  and 
domsstlc  sir  trslflc  fscllltlss,  to  dstormins  If  sdjustmtnts 
sra  mods  In  tsrms  of  psrcslvod  llsttnsr  ns«da"  in  sir- 
ground  ATC  voles  radio  communication.  Tapss  from 
Idlswlld  (S824  msssagss),  Miami  ( lOSS  msssagts).  Msxlco 
City  (587  msssagss)  and  Accra,  Ghana  (1416  mtssagss) 
wars  transcrlbsd,  and  analyasd  for  rats  of  uttsrancs. 
Findings  support  conclusions;  (11  pilots  h  controllsrs  at 
intsmatlonal  ATC  'fscllltlss  uss  slowsr  ratss  (statistically 
significant)  whsn  spsaking  In  English  to  pilots  or 
controllsrs  whons  natlvs  languags  Is  not  Eiagllsh; 

(2)  Pilots  k  controllsrs  vary  In  ths  svtsnt  to  which  thsy 
will  smploy  slowsr  ratss  for  llstsnsrs  not  natlvs  to 

English.  "Pilots  A  controllsrs  adjust  rats . 

match  psrcsivsd  llstsnsr  nssds."  (No  rsfs.) 

Mossr,  Hsnry  M. .  Fothsrlngham,  Wallacs  C.  INTELUGIBIUTY 
OF  BEGINNING  AND  ENDING  CONSONANTS  WITH  THE  VOWEL 
/!/.  AFESDTN  61-57,  Dsesmbsr  1961, 

Consonants  and  consonant  clusters  with  ths  vowvi 
/!/  wsrs  formed  Into  CV  and  VC  stimuli  and  were  spoken 
by  male  and  female  speakers  In  flat  noise  to  phonetically 
trained  listeners. 

The  study  provided  the  hastH  for  the  following 
conclusions: 

1.  The  order  of  Intelligibility  varies  with  speokert 
but  Is  significantly  more  stable  for  Initial  ror  koxnnts  and 
for  speakers  of  the  same  sex. 

2.  Final  consonants  are  more  intelligible  than 
initial  consonants. 

3.  Confusions  among  initial  and  final  consonants  are 
similar  with  place  of  articulation,  the  most  difficult 
articulatory  feature  to  distinguish. 

4.  Consonant  clusters  tend  to  be  less  intelligible 
and  confusions  are  related  to  their  component  sounds. 

5.  CVe  units  formed  from  the  more  intelligible 
CV  and  VC  syllables  are  significantly  more  intelligible 
than  units  formed  from  the  least  intelligible  syllables- 
(Bibliography  -  5  titles.)  (Includes  detailed  confusion 
matrices  of  hi  consonants,  including  consonant  clusters). 
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FINAL  TECH.  KEPT..  CONTRACT  AFl^(&Q4)&i79 
ESO  TDR  62- S.  Juiaary  1962 

Th«  background  and  accompliahmanti  of  one  year's 
research  on  International  Language  for  Aviation  are 
summarised,  for  the  period  1  March  I960  to 
28  February  1961.  Included  are  abstracts  of  the  nine 
research  reports  produced  under  the  contract. 
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